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COMMENTS 


DISCUSSIONS 


When the Association adopted the report of the last Publication 
Committee it thereby approved the recommendation in that report 
concerning methods of making the JourNaL more helpful and 
interesting to the members. One of these methods is to have the 
JOURNAL record the progress of important work. It is while work 
is in progress that it is alive; when it is finished it may be interest- 
ing and useful, but it is not interesting in the way that a job in hand 
appeals to us. Take the report of the Committee on the Mechan- 
ical Analysis of Sand in this number, for instance; it is a progress 
report, intended solely for the information of the members concern- 
ing the work of this committee and not approved in all respects by 
the members of the committee. But it gives an idea of one feature 
of the work the committee has been doing, and in this way keeps our 
members posted regarding a topic that was the subject of animated 
discussion at the Cincinnati convention. 

When a piece of work has advanced beyond the stage when dis- 
cussion is useful it is so far along toward completion that a good 
many of us will not take the time to read about it. But if we know 
that those investigating a subject are still discussing it critically our 
ever-persistent curiosity leads us to follow the discussion, if we are 
fortunate enough to be able to do so. The things that are discussed 
are the live things. The place where they should be publicly dis- 
cussed is in our JoURNAL. This thought was the basis of the recom- 
mendation made by the last Publication Committee. So far as the 
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present Publication Committee is able to carry out the reecommenda- 
tion it will do so, but the members of the Association should keep 
in mind that these “Comments” will only be of the greatest value 
when they all contribute to them, or send suggestions which the 
Publication Committee can utilize in obtaining information of 
immediate value to the fraternity. 

CaRLETON E. Davis. 


SHIP YARD SANITATION 


So much has been said about the sanitary work done by the 
government at the camps and cantonments that what Mr. Greeley 
says in this number about sanitation at the shipyards is a timely 
tribute to a group of men which has been doing a fine piece of work 
without receiving any recognition for it. The enormous shipbuild- 
ing program of the Emergency Fleet Corporation called for the con- 
struction of new villages and new transportation facilities almost 
overnight. The need for ships has been most pressing. The 
managers of these yards thought of ship ways and shops and 
tracks and storage; they had no time to think of sanitation, except 
casually. It was to help them keep their mushroom enterprises 
safe in a sanitary sense, that Colonel Doane was engaged. He and 
his men have been out on the job most of the time. During the 
five months I was employment manager of the Emergency Fleet 
Corporation I saw him only once, at a staff dinner. He was too 
busy to waste any time in an office chair. But he has kept the ship 
yards in good sanitary condition in spite of serious difficulties, and 
he has done such a satisfactory piece of work that nobody was 
surprised when the War Department told him recently to get ready 


to return to the army. 
J. M. GoopE.u. 


HOW TO OBTAIN A PRIORITY ORDER AT WASHINGTON 


Municipalities and public utility companies all over the country 
are experiencing such difficulty in obtaining materials for operation, 
maintenance and new construction, that a brief statement of their 
obligations to the nation, as viewed by the administration at Wash- 
ington, is desirable at the present time. Cities and utility com- 
panies must remember that when President Wilson told us to “give 
until it hurt’’ in order to bring the war to the earliest possible com- 
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pletion, his appeal was to communities and corporations as well as 
to individuals. The general policies which are rapidly going into 
effect in Washington are based on this thought, that communities 
must give their aid by deferring to a later day all unessential work. 
The difficulty is to determine what is essential and what unessential, 
but the War Industries Board has made enough rulings to throw 
light on its position in regard to the prosecution of various classes 
of work. 

In maintenance and repair work, necessary for the upkeep of 
plants furnishing essential service to communities, the War Indus- 
tries Board grants every assistance in its power. It cannot accom- 
plish an impossible task, however. There are some sections of the 
country where important war time orders call for every barrel of 
cement that can be furnished by mills normally supplying that dis- 
trict, and the United States Railroad Administration does not favor 
shipments from abnormal sources of supply for a district. Every 
pound of steel that can be turned out of our furnaces is needed for 
war-time purposes, just now. Not long ago a branch of the War 
Department was so hampered by lack of steel that it sent out repre- 
sentatives to comb the jobbers’ stocks and blacksmith supply 
houses in a large section. Pig iron is needed for many war purposes 
the civilian knows nothing about. In some sections north of the 
Potomac and Ohio and east of Indiana, the railroad congestion is so 
severe that important branches of the government are placing no 
orders there for the present. In short the government is experi- 
encing great difficulty in securing materials to win the war, and 
consequently the managers of water works must not expect any- 
thing else. 

While there is a general agreement that existing public utilities 
should be maintained in an efficient condition, there is very little 
probability that new construction will be possible. A suburb 
which has gone without water mains or sewers until now can prob- 
ably go without them a year or so longer. A water plant which 
has been furnishing unfiltered water for some years probably cannot 
make an effective plea before the Washington authorities that an 
unsanitary condition exists which demands immediate relief. A 
water department in a city where the growth has been only normal 
will probably experience much difficulty in securing materials for 
new dams or pumping stations, for the federal administration is not 
hesitating to put the country on short rations even of essentials in 
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order to back most effectively our lads on the battle grounds and 
high seas. Everybody agrees that water of unquestionable purity 
and ample quantity is most desirable, but our soldiers and sailors 
are sometimes going without it and we can learn, as they do, to be 
careful of what we have. 

In short, then, no water works manager should attempt to obtain 
materials which are not absolutely necessary to maintain his plant 
in its present condition, unless the new extensions are absolutely 
necessary for war-time industries. Every day thousands of letters 
praying for relief of one kind or another reach Washington, and the 
claim made for the relief is that the community or the district is 
engaged in war work very largely. Such petitions are never granted, 
for generalities are not accepted as evidence in Washington. Every 
application for relief must be accompanied by positive proof that if 
the application is not granted the active prosecution of the war will 
be checked, a heavy previous investment will be seriously impaired, 
the health of a large number of people who cannot be moved else- 
where will undoubtedly be placed in grave danger, or a large 
financial loss and great inconvenience to many persons will arise 
from stopping construction undertaken before the beginning of the 
current year. 

In each case it is absolutely necessary to explain what alternative 
remedies have been considered and why they have been deemed 
inferior to that requested. The statement that larger mains must 
be laid to meet the needs of a growing population in any section of 
a city is worthless as an argument at Washington. There should be 
a map of the section of the city, showing the location and size of the 
mains serving it, records of the water pressure at different points if 
this is important, a statement of the number of consumers, and an 
explanation of what the water department is doing to prevent water 
waste. In short there must be just as complete a technical and 
administrative demonstration of the soundness of the appeal as a 
bank demands when it receives an application for a loan. This 
application should be sent to the Priorities Division, War Indus- 
tries Board, Washington. Do not send a delegation or even a single 
representative and above all do not ask a member of Congress to 
help, for he cannot do anything that a proper application by mail 
will not accomplish better and more quickly. Applications for relief 
should be made out on forms which can be obtained from the 
Priorities Division, with instructions regarding their use. 
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What has been said above is merely a restatement of the resolu- 
tions passed by the War Industries Board on March 21, 1918, and 
published in all the leading newspapers and trade journals of the 
country. In order to make this important matter perfectly clear 
to the members, the resolutions are printed here. 


WHEREAS, it has come to the notice of this Board that new industrial 
corporations are being organized in different sections of the United States, 
for the erection of industrial plants which cannot be utilized in the prosecu- 
tion of the war, and 

WHEREAs plans are being considered by certain states, counties, cities and 
towns for the construction of public buildings and other improvements which 
will not contribute toward winning the war, and 

Wuereas the carrying forward of these activities will involve the utiliza- 
tion of labor, materials and capital urgently required for war purposes; now, 
therefore, be it 

Resolved, by the War Industries Board, That in the public interest, all new 
undertakings not essential to and not contributing either directly or in- 
directly toward winning the war, which involve the utilization of labor, 
material and capital required in the production, supply or distribution of 
direct or indirect war needs, will be discouraged notwithstanding they may be 
of local importance and of a character which should in normal times meet 
with every encouragement; and be it further 

Resolved, That in fairness to those interested therein notice is hereby given 
that this Board will withhold from such projects priority assistance, with- 
out which new construction of the character mentioned will frequently be 
found impracticable, and that this notice shall be given wide publicity, that 
all parties interested in such undertakings may be fully apprised of the diffi- 
culties and delays to which they will be subjected and embark upon them at 
their peril. 


The Priority Committee, and particularly its Chairman, is in- 
debted to the editor of the JouRNAL for securing an interview with 
officials of the War Industries Board and preparing the above state- 
ment outlining the situation concerning priorities. The Committee 
endorses this statement and desires to make it its own, except in so 
far as the labor in obtaining it is concerned. 

Priority COMMITTER, 
By C. E. Davis, 
Chairman. 
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THE PRACTICABILITY OF ADOPTING STANDARDS OF 
QUALITY FOR WATER SUPPLIES* 


By Rosert B. Morse anp ABEL WOLLMAN 


In spite of the fact that the attempt to establish a so-called stand- 
ard to serve as a basis for interpreting or classifying the quality of 
potable waters has met with but little success in the past, endeavors 
are still being made to standardize the consideration of analytical 
results so as to eliminate personal judgment as a feature of inter- 
pretation. The difficulties besetting these efforts, such as the 
undetermined significance of the bacterial test made by various 
methods, the importance of varying chemical content and the evi- 
dence of sanitary surroundings, are still present in probably a 
greater degree than in the past, on account of the development 
of the science of water bio-chemistry and the added confusion 
created by the ever changing methods, media, temperatures, and 
differentiations. 

Before establishing a measure of the quality of a potable water, it 
is necessary to determine by what units such measurements are to be 
evaluated. In the case of water supplies, the choice of appropriate 
units becomes difficult, since the question immediately arises as to 
whether the bacterial count, the B. coli test, the chemical deter- 
minations, or the sanitary inspection, should be the sole criterion; or 
if a combination of these factors, as to what their relative impor- 
tance should be in any proposed unit of measure. Manifestly a 
standard in its simplest terms could be predicated upon any single 
one of the above-mentioned units, if we assume that such a stand- 
ard would fulfill the requirements of a universal measure of quality. 
Even then the problem still remains of deciding what unit of 
bacterial content, for instance, shall be chosen as the basis for 
comparison. 


* Read at the St. Louis Convention, May 15, 1918. Discussions of this 
paper for publication in a later number of the JourRNAL may be sent to John 
M. Goodell, Cosmos Club, Washington. 
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A unit of measure must be founded upon the existence of an 
absolute uniformity of condition and of material which can be 
made to serve as the immutable basis for future comparative read- 
ings. The unit of length, for example, is that distance between the 
ends of a bar of definite material, in a definite place, measured and 
corrected for predetermined conditions of atmospheric pressure and 
temperature. Such a unit immediately establishes a precise stand- 
ard by means of which further measurements of length under all 
conditions may be carried out. The search for a “quality standard” 
for water should be first directed, therefore, towards determining 
whether there are available any definite units in sanitary science 
which can serve as the basis for a standard. 

If the water analysts have agreed upon well-defined methods of 
water analysis, then the evaluation of a standard would be at least 
possible, if not valuable, for interpretation. In order to learn 
whether any degree of uniformity existed in the laboratory examina- 
tion of water supplies, a questionnaire was submitted to 33 state 
department of health laboratories in the United States. Thirty-two 
answers were received and sufficiently detailed information was 
obtained to warrant the conclusions later to be discussed. With 
these data at hand, the practicability, at the present time, of formu- 
lating a standard of quality for water, in the light of present day 
analytical practice, may be discussed with more precision. 

Total bacterial count. The total number of bacteria in a stated 
quantity of water has been used frequently in establishing a maxi- 
mum allowable pollution in potable waters. One of the more 
recent of these is the requirement of the United States Treasury 
Department that water supplied to common carriers should contain 
no more than 100 bacteria per cubic centimeter (37°—24 hours— 
agar). The creation of such standards presupposes a unanimity of 
opinion as to the significance and importance of particular bacterial 
counts obtained by definite procedures, over others found by any 
other methods. Such an agreement would be reflected, of course, in 
the routine procedures of laboratories. The data in table 1 disclose, 
however, a disconcertingly wide difference, rather than agreement, 
of attitude toward the various methods. If official water analysts 
differ in their choice of the method of making total counts, it is 
reasonable to conclude that their disagreement would be even 
greater in a choice of a “‘standard” total count. Since the relative 
significance, for instance, of the total number of bacteria on a plain 
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TABLE 1 


Method of obtaining total bacterial count in laboratories of various state 
departments of health 


20°C. 37°C. 


Gela- | 


tine | Agar 


NAME OF STATE Gelatine 
| 96 | 48 | 96 | | 48 48 
hs 48 hrs. | hrs. brs. 24 hrs. 


District of Columbia........ + (a) 
+ 


+ 
Massachusetts.............. 


ett++ + +4+4+4+ 4¢+4++4+ 


A 
® 
+ 
+ 


© 
— 
5 
++ 


Pennsylvania............... + 

+ 
South Carolina............. 
South Dakota... 
West 


++ 
++ 


Nore: Data in above table obtained by letter in 1917 from officials of 
various state departments of health. 

(a)—25°C. 

(b)—Infrequent. 

(c)—15° to 20°C. 


| 
| + 
North Carolina + 
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agar plate at 37°C., as compared with the count on a gelatine plate 
at 20°C., is still a moot question, it is clear that more confusion in 
interpretation will result when several additional different combi- 
nations of media, temperatures, and periods of incubation are to be 
considered. 

It is also of striking interest to note that, in spite of the fact that 
the 37°C. agar count at twenty-four hours incubation has been for 
several years an Official standard procedure of at least two organiza- 
tions (American Public Health Association and United States 
Treasury Department), only 19, or approximately 60 per cent, of 
the laboratories in question have seen fit to use this exact procedure 
as a routine measure. The percentage is undoubtedly higher than 
that which would represent the individual opinions of the analysts 
in these laboratories, in view of the fact that some of them have 
adopted the aforementioned methods on account of their official 
stamp rather than as a result of the conviction that they are superior 
to others. This conclusion is borne out by the fact that it has been 
by no means firmly established that the bacterial count, obtained as 
outlined by the Federal requirements, serves as the best index to the 
quality of a drinking water. In the light of the data illustrating 
the wide discrepancy in the method of obtaining the bacterial count, 
it would appear that effort should be directed towards further study 
of individual types of bacteria and their relative significance rather 
than towards an attempt to predicate a standard upon such an 
elusive and variable factor as the general bacterial count. 

B. coli. An index to sewage pollution in potable waters is an 
excellent asset in determining the safety of a supply if it “‘indicates.”’ 
Some years ago, perhaps, the presence of B. coli in small quantities 
of water was considered sufficient evidence upon which to condemn 
the supply. He certainly would be venturesome who would issue a 
manifesto today as to the allowable frequency of B. coli in a safe 
water. He would indeed be skillful who can gather sufficiently con- 
sistent data out of the present chaotic conception of the significance 
of B. coli, and of how to obtain it, to be able to establish even a 
fairly elastic measure of quality. 

Table 2 illustrates, for instance, that the use of a medium for test- 
ing even the elementary phenomenon of gas formation is still open 
to question, while the significance of gas formation itself is disputed 
by authorities. Considerable evidence has supported previously 
the use of lactose bile, but the wind has apparently shifted in recent 
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TABLE 2 


Method of making presumptive tests for B. coli in laboratories of various state 


departments of health 


NAME OF STATE 


| 
| MEDIUM USED 


PERIOD OF INCUBATION 


Lactose 
broth 


Lactose 
bile 


48 hours 


72 hours 


District of 5. 


++++4+++ +4 


+ +4+4+4+4++4 


+ +++ 


+(a) 


+++ + 


Nore: See note in table 1. 
(a) Infrequent. 

(b) Lactose neutral red. 
(c) Thirty-six hours. 


years and the balance now rests upon the importance of lactose 
Each day brings 


broth as a better medium for an initial B. coli test. 


forth another experimental factor to make the confusion greater as 
to the significance of lactose fracture. 


| 
| + 
| 
é | 
is 
| 
(b) 
+ 
| | 
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The data given in table 2 show a close agreement in the labora” 
tories as to the necessary period of incubation in the B. coli pre- 
sumptive test. In the face of the almost universal choice of a 
forty-eight hour period, it is found in the Maryland State Depart- 
ment of Health laboratory that about 25 per cent of all typical 
B. coli isolations are obtained from those tubes which show gas 
only after seventy-two hours incubation. It is somewhat doubtful, 
with the evidence shown in table 3, whether even the apparently 
settled question of period of incubation is not still debatable. 


TABLE 3 


The effect of an increased period of incubation in the presumptive test upon the 
possible number of confirmatory tests 
Total number of tubes incubated and giving gas = 495 


| } | | PER CENT | PER CENT 


AS FOR-| NUMBER TUBES | PER CENT TUBES 
| SHOWING GAs | SHOWING Gas (we | | | 

Total Additional | Total (Additional! Total Additional FIRMED | FIRMED 
hours | | | 
24 18 | 18 36| 36 | 7] 17 6.2 | - 
48 263 245 53.1 | 49.5 | 197 180 66.0 Ee 36 
72 448 185 | 90.5 | 37.4 | 264 67 | 24.6 8 2 
96 | 495 | 47 | 100.0; 9.5 | 273 | 9 | 3.3 | 1 
| | 


Note: Data obtained from routine analytical determinations in labora- 
tory of Maryland State Department of Health during a period in 1917. Pre- 
sumptive tests in lactose broth. Confirmatory tests consisted of Endo, sec- 
ondary lactose broth, and agar slant. 


The significance of the presumptive test has been complicated 
recently still further by the work of Hasseltine! who has pointed out 
the importance of such details as the sterilization of media, owing 
to the possible breaking down of the sugars in autoclave sterilization 
into monosaccharides, with consequent gas production by types 
other than B. coli. It is clear, therefore, that the various features 
of choice of media, period of incubation, sterilization, and of reac- 
tion must be considered of far more importance in any future stand - 
ardization than has been the case in the past. 

If we subscribe, in addition, to the assumption that gas formation 
is not a true index of the presence of B. coli, then a unified interpre- 
tation of quality approaches still more closely the mythical pot of 


! Hasseltine, U. S. Public Health Service Reports, Vol. 32, No. 45, Novem- 
ber 9, 1917. 
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gold at the end of the “standard” rainbow. In fact, when sub- 
jected to the various discriminatory tests now available to the 
analyst, the much maligned bacillus coli seems to emulate the his- 
toric chameleon in all its possible forms. Table 4 indicates only 
slightly the variations in methods of confirming the presence of the 
B. coli in use in various state laboratories. This ubiquitous bac- 
terium now poses either as the “survival of the fittest,” after run- 
ning the gamut of several sugar fermentations, gelatine, indol, 
nitrate, milk, and hydrogen-ion concentration determinations, at 
the hands of the city health commissioner, anxious to divert criticism 
from a water supply by seizing upon the “fecal type’”’ of B. coli as 
his measure of quality; or else it assumes the shape of the simple 
initial lactose fractor serving as the proud exhibit of the fortunate 
filtration plant operator blessed with the excellent results of operation. 

What shall the standard test for B. coli include, if a mere dif- 
ference in the proportions of fuchsin and of sulphite in two Endo 
media, results! in the one showing typical colonies in 75 per cent of 
the tubes in which the B. coli is present, while the other shows the 
same colonies in only 14 per cent? Shall the lactose broth, to be 
used in the presumptive test, contain 0.5 or 1.0 per cent lactose,’ 
if the latter is detrimental to the successful isolation of B. coli? 
Certainly, we dodge the issue somewhat if our standard vaguely 
demands, for example, that the “colon bacillus should be absent in 
100 ec.” Why the colon bacillus? How shall we know it? How 
often can it occur in 100 cc. without condemning the supply? These 
are questions which “‘standards” skillfully avoid answering. 

In 1907, Phelps’ discussed a method of estimating the numbers 
of B. coli from fermentation tube results. His system of numerical 
interpretation has served, until recently, as the basis of practically 
all quantitative estimates of B. coli in various waters. A miscon- 
ception of the method proposed at that time has been responsible 
in a degree for the eternal cry for standardization. The realization 
of the fact® that ‘the method is obviously of no value for single 
tests and finds its most useful application in routine studies in water 
purification and sewage treatment extending over long periods of 
time”’ would tend to emphasize the utility, but uncertainty, of 


Engineering Exp. 


2 Levine, Notes on the Presumptive Test for B. coli. 
Sta., Ames, Iowa, 1917. 

3 Phelps, Method for Calculating Numbers of B. coli. Jour. A. P. H. A., 
September 30. 1907. 
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fermentation tube results as usually obtained, as a basis for numeri- 
cal interpretation. Granting the value of establishing a maximum 
allowable pollution of ‘‘x’’ B. coli per 100 cc., we are confronted still 
with the difficulty of estimating such numbers from the data afforded 
by our present bacteriological methods. 

Greenwood and Yule‘ have indicated this difficulty in a remark- 
ably clear manner, in the following passage: 


The fact that a given volume of water tested contains no bacilli or none 
which will grow, does not prove that the source of supply is sterile, the point 
is merely that the greater the volume tested with negative results the smaller 
is likely to be the population of organisms existing in the supply; none of the 
writers has attempted to provide a scale of bacterial densities corresponding 
to the increase of the minimum quantity of water found sterile on examina- 
tion (not strictly true*). We think, indeed, that the tenor of the passages 
cited (referring to various standards*) creates a presumption that the au- 
thors’ criterion really is that sources shown by other methods or found from 
practical experience to be safe or to be unsafe have usually been found to give 
sterile readings when samples of the assigned size have been tested. This 
would explain, for instance, the lower standard adopted in the case of moor- 
land waters. This is undoubtedly a reasonable attitude of mind enough, but 
it is necessary to remark that the process is not wholly satisfactory, since two 
observers both testing the same source on, say, the basis of a sample of 100 
ec. might obtain the one a positive, the other a negative result, so that one 
would reject, and the other pass the supply. Further, no criterion is pro- 
vided of the increase in accuracy of prediction attained when two, three or 
more samples of 100 cc. all give sterile readings. 


* Notations by Morse and Wolman. 


If the so-called B. coli index is to serve as the measure of the 
quality of a water supply, assuming that the technique of B. coli 
determination has been satisfactorily settled, the necessity still 
remains of determining the method of obtaining the index. The 
number of methods now available for determining the B. coli 
index introduces at once further complications. Shall a proposed 
standard embody the procedures of Phelps,? Greenwood and Yule,‘ 
McCrady,® Stein® or Wells?? The method of Phelps enjoys con- 


‘Greenwood and Yule, On the Statistical Interpretation of Some Bac- 
teriological Methods Employed in Water Analysis. Jour. of Hygiene, July, 
1917. 

5 McCrady, The Numerical Interpretation of Fermentation Tube Results. 
Jour. of Infectious Diseases, July, 1915, Vol. 17, No. 1. 

6 Stein, Making the B. Coli Test Tell More. Eng. News. Rec., May 24, 1917. 
7 Wells, The Geometrical Mean as B. Coli Index. Science, January, 1917. 
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siderable popularity because of ease of application. Unfortunately 
agreement as to method has not always resulted in accuracy of 
application. In spite of the limitations discussed by Phelps, B. 
coli indices are calculated indiscriminately with few or many analyti- 
cal results at hand. The fact that there may be three or three 
hundred results has generally no effect upon the use of the B. coli 
index in the hands of sanitary engineer, bacteriologist, or filtration 
plant operator. Twenty per cent positive in 1 cc. is used with the 
same significance whether as a result of five or five hundred samples. 
The further injunction that both positive and negative results should 
be obtained on limiting dilutions of water is treated, in a number 
of cases, with the same disregard for accuracy. One of the well- 
known filtration plants reports, for instance, a B. coli index of 
0.7066 (number per cubic centimeter), from the following results: 
100 per cent positive in 10 cc. and 67.4 per cent positive in 1 ce. 
No tests were made on 0.1 cc. samples, the note blithely stating 
that such tests were assumed to be zero.’ That such an abuse of 
the Phelps’ method is not a rare occurrence is evidenced by the 
frequent repetition of such findings as the above. Standardization 
of quality would hardly obviate such statistical juggling as produced 
by another of the largest filtration plants in the United States, 
which reports a B. coli content of the filter effluent of 0.44 per cubic 
centimeter, based upon 77 per cent and 40 per cent positives in-10 
and 1 cc. dilutions respectively. Here again the 0.1 cc. samples are 
naively placed in the negative column on the basis of a total of 
13 tests, as against 314 in both 10 and 1 ce. dilutions. Aside from 
justifying the theoretical basis of the Phelps method, the further 
establishment of allowable numbers of B. coli in a water supply 
would demand far more restrictions upon its use and evaluation 
than are observed apparently by a number of water supply workers 
at the present writing. 

Variations in the numerical interpretation of fermentation tube 
results have engaged recently the attention of analysts, with result- 
ing surprising discrepancies in data obtained by different methods. 
These findings illustrate only too well the weakness of establishing 
standards upon such meager bases, as, for instance, the “absence of 
B. coli in 100 cc.”” Observation that 50 per cent of 0.1 cc. samples 
have given a positive test may be interpreted as indicating a source 
of supply containing a B. coli content differing by over 100 per cent, 
depending upon the method of quantitative determination employed. 
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Both McCrady and Stein would assign to the above result a bacterial 
content of 700 per 100 cc., Greenwood and Yule a value of 690, 
and Phelps a value of 500, while Wells would assume the probable 
existence of only 317. Even a result of +100, +10, —1, and —0.1 
assumes a dual réle depending upon the judgment of the inter- 


TABLE 5 


Influence of method of obtaining the number of B. coli from fermentation tube 
results upon the apparent quality of a water 


NUMBER OF B. COLI PER 100 cusBic 
CENTIMETERS 


FERMENTATION TUBE RESULTS 
POSITIVE TEST IN CUBIC CENTIMETERS 


| 

10 1.0 | 0.1 | Phelps method | McCrady method 
| 

16/16 14/16 | 88.8 200 
15/15 14/15 94.0 270 
16/16 1/16 | 71.9 115 
15/15 12/15 | | 82.0 160 
13/15 5/15 | 38.6 24 
4/4 3/4 7.5 | 138 
4/4 2/4 | 55.0 69 
4/4 4/4 0/4 100.0 231 
4/4 1/4 0/4 32.5 35 
4/4 1/4 | Oo/4 | 32.5 35 
4/16 0/16 2.5 3 
11/15 2/15 | | 19.3 13 
12/16 1/16 | 13.1 2 
13/15 4/15 | 32.9 22 
15/15 14/15 | 94.0 | 270 

Average number per 100 cc............... a 55.6 106 


Note. Above fermentation tube results taken from operating records 
(1917) of a filtration plant in Maryland. The results were obtained on the 
filter effluent before disinfection. 


preter, for the adherent to the “reciprocal of highest positive dilu- 
tion” method would find a B. coli content of 10 per 100 cc., while 
advocates of several of the later procedures would support the 
probable existence of 23 per 100 cc. A mere difference of over 100 
per cent! Table 5 is of interest in illustrating the varying possibili- 
ties of interpretation of the quality of a filter effluent, with no vari- 
ation whatever in the fermentation tube results obtained under 
actual operating conditions. 


' 
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Past standards for B. coli content have shown a surprisingly 
patent disregard of the importance of stipulating the necessary 
frequency of sampling of a source before its quality may be safely 
postulated. Jn fact no standard comes to mind at the present time in 


TABLE 6 


Number of samples necessary to establish a B. coli content io within the probable 
errors of 5 and 10 per cent 


(From Stein, Engineering News Record, May 24, 1917) 


NUMBER OF SAMPLES TO ESTABLISH B. COLI PER CUBIC CENTI- 


METER TO PROBABLE ERROR OF 
PER CENT OF POSITIVE TESTS 


IN A SERIES 


+ 10 per cent * 5 per cent 


1900 7600 
900 
760 
627 
485 
365 
320 


which the number of samples is apparently considered of sufficient 
importance to warrant even a cursory establishment of a necessary 
minimum. In certifying a public water supply to common carriers 
how many state departments of health insist upon a large series of 
samples before passing judgment upon the analytical findings? 
Some of these collect samples two or three or four times a year and 
then certify or do not certify on the bacterial content of some 500 
cc. of water out of a total consumption of millions of gallons per 
year. It is useless to justify such procedure upon the score that 
neither time nor finances are available to health officials to follow 


3 
5 
10 
15 
20 
25 
30 
: 35 
: 30 282 968 
45 235 940 
: 50 204 816 
: 55 190 760 
60 171 684 
65 165 660 
of 70 162 648 
75 155 620 
: 80 156 624 
85 160 640 
: 90 178 712 
95 210 840 
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adequately, by frequent sampling, the condition of the supply. 
Infrequency of sampling, with consequent inaccuracy of interpreta- 
tion, is not always recognized by sanitarians as dangerous. It is 
for this blindness to the invalidity of findings based on essentially 
variable phenomena and methods that “standards” are in a measure 
directly responsible. 

Stein® has pointed out within the last year the extreme impor- 
tance of an adequate number of tests before any relatively precise 
conclusions may be projected. Table 6 contains a portion of the 
data developed by Stein to show the number of samples necessary 
to establish varying B. coli contents to within a 5 or 10 per cent prob- 
able error. In the Treasury Department standard an allowable 
maximum pollution equivalent to 20 per cent of all tests positive in 
10 ce. is fixed. Twenty per cent was chosen, it may be inferred, in 
the belief that such a series of results would be comparable with a 
density of 2 B. coli per 100 ce. in the water. It is highly disconcert- 
ing to learn that, in order to obtain even a fair degree of precision 
and an approximate approach to the above number of B. coli, some- 
thing like 600 samples are necessary. How meager, then, is the 
analytical information afforded by even 10 samples a year and how 
ludicrous is the certification of a doubtful supply upon the basis of 
only two examinations a year. 

One’s sense of scientific precision, and even of scientific attitude, 
suffers a jar when attempting to correlate the quality of a water with 
the data furnished in a number of other types of investigations. The 
pollution of streams, for instance, is studied by some governmental 
agency. Extensive reports are written, conclusions are drawn, cor- 
relations between the B. coli content of the stream and other sanitary 
features are made, and recommendations ensue. But even some of 
these apparently excellent researches become of little value or even 
misleading when the data upon which they rest have been scrutinized. 

Is a pseudo-scientific correlation between B. coli content and dis- 
solved oxygen in a stream of any importance when the number of B. 
coli in the stream at different stations, is obtained from one, two, or 
three fermentation tests? Yet table 7 is a partial list of the data 
culled from a recent federal report which will illustrate the derivation 
of unwarranted conclusions concerning the bacterial content of a 
stream, based upon a small number of analytical results. We must 
certainly question a B. coli content of 0.47 per cubic centimeter, when 
this quantitative index to the sanitary condition of the stream has 
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been obtained from only three samples. In a number of instances, 
too, the dilutions were not carried out far enough to give a negative 
fermentation test. The table loses further scientific interest when in 
another column the total count on agar at 37°C. is given, for a particu- 
lar station, an average value of 90, a maximum of 90, and a minimum 
of 90, all derived from a single sample. It is extremely doubtful 
whether even a standard of utopian character would suffice to elimi- 


TABLE 7 


Frequency of sampling and the bacterial content of a stream at various stations 
(From a recent federal report) 


MEAN NUMBER TOTAL COUNT ON AGAR AT 37° c. 


CENTIMETER Average High Low 
1 3 10.0 490 1160 40 
r 3 46.8 630 1030 50 
3 2 10.0 112 130 94 
4 3 4.7 163 330 26 
5 192 390 80 
6 5 2.5 51 80 22 
rf 1 10.0 90 90 90 
8 8 2.4 53 72 18 
9 3 1.0 65 116 12 
10 3 0.47 64 90 25 
11 3 1.0 175 449 36 
12 3 1.0 205 540 36 
13 3 0.2 270 540 0 


nate such data as the above. Further study of the significance of 
data, rather than their standardization, would be desirable. Such 
procedures would result, perhaps, in the abolition of haphazard 
stream study with bacteriological samples aggregating, at the most, 
five per station. It should be pointed out, too, that the above criti- 
cism is directed not so much at the failure to maintain frequent sam- 
pling, but rather at the intensive use of such data for study and for 
recommendation. 

The method of making the B. coli examination of a single sample . 
of water is capable of wide manipulation. The procedure in some 
laboratories usually consists in the inoculation of a series of fermenta- 
tion tubes of different dilutions. The dilutions as q rule are in the 
usual geometric progression of 10, 1, 0.1, etc., cc. There does not 
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appear, however, to be any well-defined agreement among authorities 
as to the necessary number of fermentation tubes to be used at each 
dilution. The importance of using more than one tube at each dilu- 
tion becomes manifest when it is borne in mind that Greenwood and 
Yule‘ have shown “‘that, if ‘n’ ec. have given a negative result, the 
chance of a second sample of ‘n’ ce. giving also a negative would be 
n/2nor1/2.”’ In other words, the chance of an inconsistency occur- 
ring when two tubes ofthe same dilution are used is no less than 1/2. 
It is clear, therefore, that too much emphasis cannot be placed upon 
the necessity of more than one tube at each dilution. It is of interest 
to note in this connection that some state department of health lab- 
oratories throughout the country recognize the value of numerous 
tubes, while others still use single tube determinations. Table 8 
is a brief summary of the methods used in the laboratories and illus- 
trates the wide possibility of interpretation of the quality of a supply, 
depending upon the laboratory in which the specimen happens to be 
examined. Certainly a sample of water examined in the laboratory 
of the State Department of Health of Connecticut may differ very 
materially in its supposed quality from a similar sample tested accord- 
ing to the methods in use in Michigan. It becomes extremely dif- 
ficult, therefore, to compare types of water from different states upon 
the basis of percentage positive in different dilutions, when the 
details as to procedure are not given in complete form. 

The effect of varying numbers of tubes can hardly be exaggerated, 
when the quality of a water is to be determined. Various refinements 
as to choice of numbers of tubes result very frequently in an improve- 
ment or degradation of the water in question, without any real dif- 
ference in the colon content. A typical instance of such a procedure 
as the above is given by the method in use in a water filtration plant. 
in Maryland. The laboratory at this plant determines the quality 
of its chlorinated filtered water by using a large number of fermenta- 
tion tests in 10 ec., with a small number in 1 cc. In the month of 
June, 1917, for example, ten 10 cc., with only two or four 1 cc., 
samples were tested daily. The precision of results in 10 cc. was, 
therefore, something like twice that of the findings in 1 cc., since it 
varies as the square root of the number of samples. Such a system 
resulted in an unconscious placing of a premium on not finding B. 
coli in the lower dilution. Inasmuch as the quality of the chlorinated 
effluent, in this particular instance, was none too good, as indicated 
by the presumptive tests, it was distinctly advantageous, for a better 
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TABLE 8 
Comparison of number of tubes used at each dilution in routine fermentation 
tests for B. coli in state department of health laboratories 


NUMBER OF TUBES USED IN DILUTION OF 


NAME OF STATE 


10 ce. 5 ce. 1 ce. 0.1 cc. | 0.01 ce. 


1 


oro 


bo 


New Jersey 
5 
Private and new supplies........... 5 
Raw—highly polluted............... 2 
1 


bo 


bo 


Note. See note in table 1. 


showing of the plant, that the number of tubes should be reduced in 
the lower dilution. This was done, whether consciously or uncon- 
sciously is unimportant, with the consequence that during the month 
232 tubes were used in the 10 cc. tests, while only 94 were employed in 
the 1 cc., or a ratio of precision in the two instances of approximately 
1.6 to 1.0. The intensity of search for B. coli in the 1.0 cc. dilutions 
(the more important of the two under discussion) was therefore 


= 
2 2 
1 1 
1 | 1 1 
2 2 
1 
2 2 
1 1 
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materially reduced and the corresponding quality of the water prob- 
ably enhanced. This was undoubtedly the case, since the proportion 
of positive tests in the 10 cc. was high (74 per cent) while in the 1 ce. 
it was only 7.4 percent. It is somewhat hard to believe the data of a 
certain day when ten 10 cc. tubes were all found to be positive, while 
all of the four 1 cc. tests were negative. Here evidently the relative 
reduction of the number of tubes in 1 ce. from that in 10 ce. has 
created a less inferior quality of effluent to that probably existing. 
That the above conclusion is justified is inherent in the fact that, 
given anecessary predominance of possible negative over positive tests, 
or a low initial density of bacilli relative to the particular dilution, the 
smaller the number of total examinations the better the apparent 
quality of the water. In a small total number of tubes, the proba- 
bility of the few possible positive tests appearing becomes very slight. 
Chemical determinations. The importance of chemical examina- 
tions in determining the quality of a supply has been given consider- 
able discussion in past years. The necessity for the so-called sani- 
tary determinations has ranged from the viewpoint of the advocate 
of continuous and complete chemical analyses, as in Massachusetts, 
to the more radical exponents of the complete omission of sanitary 
chemical tests, as, for instance, the public health officials of Minnesota. 
The establishment of chemical standards for quality of water need not 
be gone into here in any detail, since both the methods and the ac- 
curacy of results in this field of water analysis are far more advanced 
than in the case of the bacterial tests. The problem in this instance, 
however, as well as in the case of bacterial standards, seems to lie 
more in the further study of the relative significance of data rather 
than in the establishment of meaningless standards based upon in- 
complete and variable manifestations of hidden phenomena. 
Sanitary survey. Although the sanitary survey, or the study of the 
natural physical features surrounding a given water supply,. has 
always been recognized as of prime importance in the consideration 
of the safety of a water, yet it has been rarely given the emphasis it 
necessarily demands in the establishment of arbitrary standards. It 
has been only recently that the United States Treasury Department 
has stipulated in its requirements that a sanitary survey of the sources 
of a supply should be included in the summary of the condition or 
quality of the water to be certified. Just what relative weight the 
field survey, as opposed to the bacteriological analysis, is given in the 
above system of standardization it is not possible to state. Pre- 
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cedent, too, has given far more consideration to the question of bac- 
terial content than to any other extraneous features, with the result 
that, if the survey proves unsatisfactory, the layman and often the 
health officer of questionable honesty lay stress upon the more elusive 
and shadowy bacterial content. If a field survey indicates, for 
instance, that a water is subjected to filtration and disinfection under 
the guidance of the town plumber, with its attendant inconsistency 
of performance and continual hazard of unsuccessful purification, 
should or would such a survey preclude the issuance of a certificate, 
if the analytical data resulting from a few choice samples collected by 
the town authorities show the water to meet the ‘1/5 in 10 cce.”’ re- 
quirement? It would seem that the artificial standard often serves 
the purpose of indicating the loophole through which the inefficient 
water company may escape, rather than of clarifying the situation as 
to doubtful quality. 

That the general field survey has been given in the past by some 
sanitarians the attention it requires is undoubtedly true. Whittaker,*® 
for instance, has pointed out within the last few months, as a result 
of a number of years of experience in Minnesota, that “‘the field sur- 
vey and analytical results together should afford information on 
which recommendations can be made for the protection or abandon- 
ment of the supply.’’ The standards of quality of water supplies 
should include, therefore, not only recommendations as to analytical 
data, but injunctions as to field or sanitary surveys. The establish- 
ment of standards as to ‘‘structural, environmental and operative 
features” would require,* in a greater degree even than similar 
attempts as to analytical work, an immediate standardization of 
method of survey rather than an evaluation of the results or findings 
of the survey. Here, as in the case of other possible quantitative 
water standards, the necessity indicates that the units of measure 
must be devised before the limitations of such units, as yet non- 
existent, may be determined. It is the latter feature of the above 
axiomatic statement upon which most advocates of standards of 
quality lay particular stress. 


PRESENT STANDARDS OF QUALITY OF WATER 


State departments of health. The attitude of official sanitarians, 
such as those in charge of the activities of the various state depart- 


*H. A. Whittaker, Fallacies in the Investigation of Water Supplies. Jour. 
A. P. H.A., Vol. VII, No. 9. 
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ments of health, toward the advisability or necessity of the use or 
adoption of arbitrary standards of quality is reflected somewhat in 
the fact that Connecticut, Florida, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Maine, Maryland, Massachusetts, Minnesota, Missouri, 
Montana, New Hampshire, New Jersey, New York, North Carolina, 
Rhode Island, South Carolina, South Dakota, Virginia and Wyoming 
use no arbitrary standard for interpretation, while California, Georgia, 
Michigan and Wisconsin use the United States Treasury Department 
standard or some variation thereof at some or all times. A number of 
the analysts and sanitary engineers expressed the opinion rather 
vehemently that no general standard could be devised to fit the pecu- 
liar conditions existing in that particular section of the country. 
Stephen De M. Gage, Chief of the Division of Chemistry and Sani- 
tary Engineering of the Rhode Island State Board of Health, ex- 
presses’ the situation with clarity in the following terms: 


We do not use any arbitrary standard of quality of water. Each individual 
sample is judged upon its own merits, as shown not only by the bacterial 
examination but by result of the chemical tests and general knowledge of sani- 
tary surroundings by inspection of the source. It is not practicable nor fair 
to attempt to apply any arbitrary standard of quality, bacterial or chemical, 
to New England waters. 


It is interesting to note in all the correspondence with the various 
state departments of health that the United States Treasury standard 
is used in practically every instance in the certification of railroad 
water supplies, but in only 4 of the 24 is it applied generally to others. 
Opinions vary widely as to the desirability of adhering strictly to the 
bacterial limits given in the above standard. Frank Bachman, of the 
California State Board of Health, states'® that 
The Treasury Department’s standards are too severe for municipal water 


supplies and that the 1 cc. standard used a few years ago was too low. Our 
arbitrary standard is between the two. 


Edmon Greenfield, of the Illinois State Water Survey, agrees! 
somewhat with the above in expressing the opinion that 


In many cases we consider the standards proposed by the United States 
Treasury Department for water to be used on interstate carriers as just and 


* Stephen De M. Gage, By letter, dated November 21, 1917. 
1° Frank Bachman, By letter, dated December 3, 1917. 
11 Edmon Greenfield, By letter, dated November 13. 1917. 


| 
q 
j 
5 
4 
3 
‘ 
= 


218 ROBERT B. MORSE AND ABEL WOLMAN 


satisfactory. In other cases we do not feel that they apply as well as they 
might. The standard suggested by the United States Treasury Department 
for total count on agar at 37}° seems to be quite lenient, while the standard 
for minimum content of B. coli seems to be quite severe in some cases. 


In Virginia, on the other hand, Dr. Fitzgerald, bacteriologist for 
the State Board of Health, assumes” a different attitude by pointing 
out that 


Our standards of quality vary from those of the Public Health Service, 
since we allow in certain samples a count of under 500. We classify samples 
showing colon bacilli in 1 ec. ‘“‘bad,’’ 10 ec. and 20 ec. ‘‘suspicious.”’ 


Bearing in mind the fact that the methods of arriving at bacterial 
results differ widely in the various laboratories and that the arbi- 
trary standards, wherever they exist, are interpreted with consider- 
able differences of opinion, we should not be very far astray in con- 
cluding that “standards of quality” are not entirely favorably viewed 
by most of the official sanitarians. That new and impracticable 
standards are not only undesirable, but almost impossible of estab- 
lishment at this time, also seems to be the consensus of opinion of a 
large part of the analysts and sanitary engineers. 

United States Treasury Department standard. The power of con- 
juring with the name of the federal government often leads to the 
adoption of procedures which, under unofficial stamp, would be sub- 
jected to closer scrutiny and to more suspicion. The bare require- 
ments of the United States Treasury Department Standard have been 
accepted by many as a convenient, automatic, and almost mathe- 
matical means of determining the safety of an unknown supply. 
Given certain known quantities of water, a few bacteriological tests, 
the substitution of results in an equation, and the problem was solved. 
The standard is apparently definite, precise, and easy of application, 
but does it given an accurate index to the quality of a water supply? 
As usually carried out, the standard undoubtedly does not. It does 
not perform its function as quickly, as safely, as exactly as, even to- 
day, many health officials assume. 

The federal requirements stipulate that 


The total number of bacteria developing on standard agar plates, incu- 
bated twenty-four hours at 37°C., shall not exceed 100 per cubic centimeter. 
Provided, that the estimate shall be made from not less than two plates, 
showing such numbers and distribution of colonies as to indicate that the 
estimate is reliable and accurate. 


2 Jas. O. Fitzgerald, By letter, dated November 13, 1917. 
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How reliable and accurate such estimates may be is made clear by 
the following abstracts from a discussion” by Prof. Geo. C. Whipple 
on ‘The Element of Chance in Sanitation.” 


The chance of a single bacteriological count exceeding a given standard 
of 100 when the actual number present in the sample is the figure given in the 
first column: 


‘ CHANCE OF A SINGLE SAMPLE EXCEEDING THE 
NUMBER OF BACTERIA PRESENT STANDARD oF 100 


100 1 in 2 
90 1 in 2.8 
80 lin 5 
70 1 in 12.5 
60 1 in 66.6 
50 1 in 2500 


On the other hand, in a sample of water which contained more bacteria 
than the standard, there would have been a chance that the plate contained 
fewer bacteria than the standard. 


, CHANCE OF A SINGLE SAMPLE BEING LESS THAN 
NUMBER OF BACTERIA PRESENT THE STANDARD OF 100 


1 in 2 


110 1 in 2.6 
120 lin 3.4 
130 1 in 4.5 
140 1 in 6.1 
150 1in7.7 


1 in 20.0 


It will be seen from these figures that in the case of waters which contain 
fewer bacteria than the standard, but near it, the chance of a single count 
exceeding the standard is high but in samples which contain much fewer 
numbers than the standard the chance of a single count exceeding the stand- 
ard decreases rapidly. In the case of samples which contain more bacteria 
than the standard the chance of a single count showing less than the standard 
is considerable. The chance of a bad sample being called good is greater 
than the chance of a good sample being called bad if the number of bacteria 
present differs greatly from the standard. 

It is evident that when dependence is placed upon a single bacterial count 
a rigid application of the standard is likely to do injustice either on one side 


13 G. C. Whipple, The Element of Chance in Sanitation. Jour. Franklin 
Institute, August, 1916. 


J 
| 
q 
100 | 


220 ROBERT B. MORSE AND ABEL WOLMAN 


or the other. It is evident, therefore, that in order to prevent injustice being 
done in the application of quantitative bacteriological standards to water 
it is necessary that several tests should be made. The number of plates 
which should be made in any given case has not been definitely determined, 
but, obviously, a large number of plates should be made whenever there is 
reason to suspect that the water approaches a given standard in its bacterial 
content. For waters which are expected to be below the standard two plates 
would probably be sufficient, but under many conditions five or even ten 
plates may be necessary to give results which can be safely depended upon. 


Since the number of samples and of plates vary considerably in 
different applications of the United States Treasury standard, it is 
entirely problematical what the significance of an allowable count 
of 100 is when the count may be obtained through the medium of 
one sample or several hundred during the year. 

The second criterion of the federal requirement that ‘“‘not more than 
one out of five 10 cc. portions of any sample examined shall show the 
presence of organisms of the B. coli group”’ leads one into further 
complications, when it is kept in mind that it was the intent of the 
standard to allow a possible maximum B. coli content of only 2 per 
100 ce. The 1/5 in 10 ce. requirement was assumed to give a con- 
venient method of testing the allowable ‘2 per 100 cc.” content. 
How successfully it may succeed in doing this may be gathered from 
the following discussion’ by McCrady. 


Some calculations indicating the percentage of various results which will 
occur when various numbers of B. coli are contained in the sample, are shown 
below. 


PERCENTAGE OF TIME | PERCENTAGE OF TIME | PERCENTAGE OF TIMB 
NUMBER OF B. COLI IN THAT THAT THAT 
SAMPLE X 0/5 in 10 | “1/5 10 wiLL "2/5 10 cc.”” WILL 
occuUR occuR OccUR 
0 100.0 0 0 
1 50.0 50.0 0 
2 25.0 55.0 20 
3 12.5 45.0 36 
4 6.25 33.55 
5 3.13 23 . 26 
6 1.56 15.52 
7 0.78 10.09 
8 0.39 6.44 
9 0.19 4.05 
10 
11 


221 


STANDARDS OF QUALITY FOR WATER SUPPLIES 


It will be noticed from these calculations that when 4 B. coli are present 
in the sample, the sample will pass the standard about 40 per cent of the time. 
And one out of about every six samples, containing 6 B. coli, will pass the 
standard (1.56 per cent plus 15.52 per cent). On the other hand, one out of 
every five samples containing only 2 B. coli per 100 cc. will fail to pass the 
standard. 

Consequently, when it is remembered that the standard signifies a most 
probable limit of 2 B. coli per 100 ec., it is evident that the standard method 
of analysis renders the standard much more lenient than might, at first glance, 


be supposed. 


The above discussions illustrate the possible defects of the Treasury 
Department standard when the requirements are literally followed. 
Since no complete directions are given as to method, frequency of 
sampling, or interpretation of the analytical procedures outlined, the 
possible variations in significance of the standard become manifest. 
The standard becomes, therefore, not a precise and accurate index as 
to quality, but rather simply a convenient mode of analysis to be 
used with considerable caution for comparative purposes. 

A rather curious abuse of the federal standard has resulted in recent 
years from the failure of the requirement to specify the exact and 
relative importance of the somewhat ‘“‘delphic utterance” that “‘it 
is recommended, as a routine procedure, that in addition to five 10 ce. 
portions, one 1 ec. portion, and one 0.1 cc. portion of each sample ex- 
amined be planted in a lactose peptone broth fermentation tube, in 
order to demonstrate more fully the extent of pollution in grossly 
polluted samples.”’ Inasmuch as the requirements suggest the 1 and 
0.1 cc. tests, but make no stipulation as to their relative significance, 
it becomes extremely convenient for health authorities, water com- 
panies and filtration plant operators to discard the lower dilutions 
whenever the results in 10 ec. meet their purposes better. It should 
be borne in mind that unfortunately the aim of some who operate 
water supplies is not always to determine the real quality of the 
supply, but to defend it, in the face of criticism, by endeavoring to 
show, through judicious selection of data, that the water passes the 
standard of the United States Treasury Department. 

A striking illustration of such a procedure is given by the situation 
in one of the citiesin Maryland. The municipal supply is not always 
of the best and controversial discussion as to quality has occurred 
from time to time between state and municipal health authorities. 
The question of certifying to the supply is still a source of disagree- 
ment, simply because of the vagueness of the federal requirements. 
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A municipal official may insist upon the selection of a short series of 
good results that may have occurred just prior to the date for certi- 
fication, when these results are not typical of those obtained during 
the rest of the year, or upon the strict application of the 10 ce. cri- 
terion, in the face of contradictory evidence given by lower dilutions. 
A discussion of the data shown in table 9 will make the situation 
clearer. In this table there have been collected the results of labora- 


TABLE 9 


Significance of 1.0 and 0.1 cc. dilutions in determining the quality of a supply 
by the United States Treasury Department standard 


B. COLI PER CENT POSITIVE CON- 
FIRMED IN B. COLI PER 


100 cc. (BY 
PHELPS’ 
METHOD) 


~ 
ix] 


13.21 


39.53 
17.51 
17.34 
38.52 
73.51 
31.40 
21.90 

3.69 
11.43 

2.79 


September 
October 

November 
December 


WAS 


ad 


Average B. coli index, from 10 cc. results only = 2.43 per 100 cc. (exclusive 
of February). 

Average B. coli index from 10, 1 and 0.1 ce. dilutions= 24.62 per 100 cc. 
(exclusive of February). 

Note. Above results obtained from tap water analyses in city in Mary- 
land. Average number of samples approximately 125 per month. 


tory examinations extending over the year 1917. By averaging only 
the 10 cc. results for the year and estimating from these the number of 
B. coli per 100 ce. (by Phelps’ method), we obtain an average B. 
coli content of 2.43 per 100 cc. This value is somewhere near the 
maximum allowable density usually assumed as the requirement of 
the Treasury Department. When using the additional results of 1 
and 0.1 ce. dilutions, the quality of the water takes on an entirely 
different aspect. The average number of B. coli per 100 cc. (also 
calculated by Phelps’ method) now becomes 24.62, or over ten times 


MONTH 

10 cc. 1 ce, 

15.7 
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the value obtained from the 10 cc. dilutions alone. The city health 
official would support his contention as to certifiability upon the 10 
ec. basis while ignoring the much less attractive 1 and 0.1 ce. results. 

In the month of April, for instance, the water, on the basis of the 
10 ce. figure, would meet the certification requirement. Yet, by 
using all the data available, the B. coli content of the water may be 
assumed to be 17.51 per 100 cc. Ifthe 1 and 0.1 ce. dilutions had not 
been made, as is often the case, the doubt as to the superior quality 
of the supply would have been removed, in spite of the fact that the 
water contained approximately nine times as many B. coli as is 
tacitly allowed by the federal requirements. 

The above data and their application are not at all hypothetical, 
but are exact and accurate duplicates of conditions which have 
occurred in Maryland, and probably in other states, as a result of the 
compulsory adoption of exact standards and their adaptation to 
variable phenomena. In such instances, the application of the 
standard aids the official to dodge the responsibility of producing 
water of excellent quality, instead of serving as the means of detect- 
ing poor quality. 

It is well to point out, before leaving the discussion on the federal 
standard, that, if any changes are contemplated in its requirements 
emphasis must be placed upon the necessity of using all the data 
extending over the periods intermediate between the official certi- 
fication dates, rather than a few choice samples collected just. prior 
thereto. Too often a large series of earlier results are discarded for 
more convenient later data. It comes about, therefore, that the 
present federal requirement may assume a two-fold aspect depending 
upon the whim of the water supply administrator. Incidentally, 
haphazard certification to the Treasury Department by local health 
officials, who are frequently over-zealous, should be stopped and this 
duty delegated only to the state health organizations. 

Filtration plants. The analytical methods in use at the various 
filtration plants throughout the country have been made the subject 
of an extensive and detailed compilation within recent months by 
Jack J. Hinman, Jr., of the Iowa State Board of Health. Mr. Hin- 
man has gathered such complete data on this subject that it would be 
entirely unnecessary to discuss here the procedures further than to 
quote from one of his discussions" the following words: 


“4 J. J. Hinman, Jr., Water Works Laboratories. Iowa Academy of Science, 
Vol. xxiv, 1917. 
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A glance at the table will show you that in spite of the excellent work 
which has been done in the preparation of our Standard Methods of Water 
Analysis, the bacteriological procedure of the water plants is far from 
uniform. 


It seems, therefore, that the possibilities of obtaining definite units 
of measure of quality for filter plant effluents are as remote as those 
for general water supplies. 

It is of passing interest to note at this point several deleterious 
effects of the past standardization of filter effluents upon an accurate 
interpretation of quality. One of the oldest methods of rating 
filtration plant performance, in reality sometimes resulting only in a 
specious attempt to conceal by circuitous methods the quality of an 
effluent, is the familiar “percentage efficiency’? method. Its basis, 
its shortcomings, its dangers, even today, have been elaborated time 
and again, but the ‘percentage efficiency”’ still persists as the old 
‘‘war horse”’ blinder for inefficiency and poor effluent. 

Attention is called here only briefly to another practice which has 
come to the author’s attention in the use of the above method, 
resulting in an added objection to the formation of reckless standards 
which years do not serve to obliterate from the minds of the gullible 
public. The average percentage removal of bacteria during a par- 
ticular month means to most laymen the usual or mean removal 
effected during individual days. If this average figure happens to 
reach 98, then all is well in the heart of the consumer, if not in the 
mind of the health officer. If this method of standardization is 
to be used, its mathematical evaluation should be, at least, properly 
developed. Strange as it may seem, the practice has persisted in 
two of the filtration plants in Maryland of summing up the total 
raw water and effluent bacteria for the month and calculating from 
these totals the average monthly percentage removal. This re- 
sulted, for example, for one step of the purification process, in a 
figure of 77.0 during a month in which more than 40 per cent of the 
days show a percentage removal of 47 or under, while at no time 
during the month did the removal exceed 93 per cent. 

The obvious effect of calculating average percentage removals by 
means of total bacteria for the month is to vitiate the poor results 
of many days by good results on a few. The ordinary and real 
operating results of the plant are totally lost sight of. This effect 
is made clear by the following series of results from the plant under 
discussion 


; 
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June 18-23, bacterial removal, coagulating basins to filter effluent 


AVERAGE count, 20°C. 


| 
| 
DAY OF MONTH | PER CENT RBMOVAL 


Coagulating basin | Filter effluent 
effluent |  (Unchlorinated) 
PUN 1355 | 160 88 
295 210 29 
Se 135 85 37 
130 124 5 
3480 905 


Average percentage removal—by Method .(a), 74.0 
by Method (b), 47.5 


The percentage removal designated (a),is the value obtained by 
the method in use at the plant, consisting of the percentage change 
in the total numbers of bacteria for the week. This value is re- 
corded, then, as the average percentage removal, in spite of the fact 
that on four days out of the six the performance was nowhere near 
74.0 per cent. It is manifest from the above data that two exces- 
sively high basin counts hide completely, in method (a), the poor 
results obtained during two-thirds of the week. The undue influ- 
ence of a few high raw water counts is accentuated, due to the fact 
that they are almost always accompanied by high percentage 
removals (for instance, June 18 and 21). A few days, or even one 
day, of high raw water counts may predetermine the value of the 
percentage removal for a whole month. Table 10 is exhibited in 
this connection, since it illustrates the possibilities of statistical 
juggling even with such an apparently stable and uniform procedure 
as the calculation of percentage removal. In explanation, it should 
be pointed out that method (b) consisted of obtaining the average 
of the daily percentage removals (as stipulated in the report of the 
committee of the New England Water Works Association, January 
13, 1915) rather than the percentage removal of the total raw water , 
and effluent bacteria. In a discussion of the average performance 
of a plant, the individual daily performances are dealt with, since 
the performance, not the bacteria, is under scrutiny. 

The above discussion illustrates the abuses to which a standard 
or unit of measure may be subjected when the mode of determining 
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the unit has not been defined in iron-clad terms; and, secondly, it 
illustrates a fallacy which has not always been kept clearly before 
us, that is, that a measure of performance, whatever its method of 


TABLE 10 


Comparison between average percentage removals obtained by two different 
methods of calculation 


PERCENTAGE REMOVAL 


Turbidity Bacteria at 20° C. 


| Basin 2} Fi i Basin 2} Filters 


Reported .5 | 76.0 | 94.5 | 75.0 | 77.0 
Revised 0 | 53.0 | 95. 0 | 48.0 


Reported | 89. 90.5 5. 87.0 
Revised .2 | 80.4 83.0 


Reported 79.0 .5 | 82.5 
Revised 77.1 {100.0 71.2 


Reported .0 | 79.0 |100.0 .0 | 61.0 
Revised 76.3 | 77.4 |100.0 .0 | 53.0 


Reported .0 | 98.5 
Revised .1 | 98.1 


Reported 100.0 
Revised 99.3 


Reported .0 | 96.0 
Revised 97.3 


Note. Reported results calculated by Method (a)—see text. 

Revised results calculated by Method (b)—see text. 

Reported results taken from records of a filtration plant in Maryland. 
The percentages are calculated for successive steps of the purification process. 


calculation, is not synonymous with a measure of the quality of an 
effluent. It may frequently happen that the unit of performance 
may be so chosen as to give an index to the quality of the effluent, 
but the same objections cannot be raised to standards of perform- 
ance as to those of quality. In the former, comparative data may 
always be used in the study of the functioning of a plant, regardless 


MONTH 
Basin 
94.5 | 93.0 
January........ 93.8 | 90.5 
75.0 | 97.0 
88.5 | 91.0 
2 66.0 | 92.0 
| $8.0 86.0 | 80.0 | 71.0 
J ada aa 74.7 | 73.0 | 67.8 | 63.2 
: Pe 84.0 | 82.0 | 69.0 | 78.0 
64.0 | 60.9 | 64.0 | 52.0 
: Pe eae 59.0 | 37.0 | 62.0 | 93.0 
7 ugust......... 42.3 | 21.0 | 54.5 | 86.5 
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of their peculiar significance, but in the latter, the significance of 
absolute, and not relative, values is to be considered. 


SUMMARY 


The establishment of a standard of quality for potable water 
means the setting up by some accepted authority of a rule for the 
measure of quality. Since quality is a variable attribute, intricately 
dependent upon a series of natural physical, chemical and biological 
phenomena, its measurement becomes extremely difficult. The 
quality of a particular water cannot, in most instances, be measured 
adequately by means of the evaluation of only one of its characteris- 
tics. The real consideration or interpretation of the potability of a 
supply involves a series of mutually active attributes, each of which 
plays a part of importance in modifying and determining the char- 
acter of the water. Any scientific and practical standard must 
include, therefore, a composite of all those features which influence 
a change in quality. The single ultimate unit of measure or the 
final standard becomes, in this way, an index number of properly 
weighted individual and fundamental units. 

The prime requisites for the establishment of any standard are the 
existence of those basic units which are to be its components and 
of universal agreement as to the relative significance of such com- 
ponents. In the field of water supply neither of the two above 
requirements has been fully met. Basic or fundamental units for 
measurement of quality have not been established with any degree 
of exactness or accuracy. A unit of measure, such as the B. coli 
content, certainly cannot be predicated upon such variable pro- 
cedures as are now followed, without resulting in a confusion of 
interpretation. The establishment of any unit demands an abso- 
lute consistency in its measurement. It is this consistency of 
measurement which is now absent in practically every available 
measure of quality. 

If inconsistency reigns in the determination of the fundamental 
units, such as the total count, the B. coli content, the chemical 
constituents and the sanitary survey, then the general standard of 
quality, a derived unit composed of basic measures, becomes of 
extremely little value. If we add to this consideration of incon- 
sistent method of obtaining individual units the fact that their rela- 
tive significance is still unsettled, then a general standard becomes 
practically useless and even misleading. 
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From the above discussion, it becomes clear that the study of 
the method of evaluating a unit must of necessity antedate the 
attempt to establish limiting values of such a unit. A critical survey 
of past standards of quality seems to indicate an assumption that 
the method of unit-evaluation is fixed, and therefore that limiting 
values are the desiderata. It is not felt that the status of labora- 
tory or field method of analytical examination warrants any such 
assumption. The field for future standardization of quality of 
water supplies would appear to lie more immediately in the con- 
sideration of such problems as the relative significance of different 
bacterial counts, the methods of obtaining the counts, the necessary 
frequency of sampling, of plating, of numbers of fermentation tubes, 
the numerical interpretation of usual fermentation tube results, 
the allowable variations from specified bacterial contents, the deter- 
mination of real bacterial indices to sewage pollution, the impor- 
tance of chemical determinations, and the standardization of field 
survey method. More remotely, the problem of standards is con- 
cerned with the coérdination of the results of such studies as the 
above in such a way as to construct a composite unit of measure. 
Until these studies have been made and a general agreement reached, 
a standard would have but little value. 


if 
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WATER SUPPLY AND SANITATION AT GOVERNMENT 
CAMPS AND SHIPYARDS! 


By A. GREELEY 


The author has been connected during the past year with sani- 
tary work for the Government in three different capacities, first, for 
cantonment construction; second, for the Publie Health Service, 
and third for the Emergency Fleet Corporation. 

It has been interesting to see the extent of this activity and the 
amount of work that is being done. 

The water works, sewerage system and other utilities at Camp 
Custer are in charge of Major T. A. Leisen, President of the Amer- 
ican Water Works Association. The author was there in the first 
part of January when an interesting phase of the work was the 
water consumption. The consumption on which the design of the 
system at each cantonment was based was 55 gallons per capita per 
day. Camp Custer was using 60 to 65 gallons at the time of the 
author’s last visit. From 45 to 75 gallons is the range at the canton- 
ments of which the author has records, and there is a tendency to 
increase rather than decrease the amount. Some of the canton- 
ments have sewage treatment plants and these are being operated 
with great care; so much so that the author feels that the field of 
sewage works operation will receive an impetus from the results. 
obtained in the operation of the cantenment plants. Officials in 
charge of them compare notes and thus gain by the combined experi-- 
ence of the operators at all camps. 

The United States Public Health Service is an old organization 
which has recently expanded its sanitary division, which is now very 
well fitted to take up the work of sanitation in the cantonment 
zones. Where the Government has built large cantonments, it has 
established zones around them and has taken charge of the sani- 
tary activities within those zones. The zone in Louisville is perhaps 
the most important because one of the army cantonments touches 
the city, which thus comes within the cantonment zone. 


1 Read before the Illinois Section at Urbana, April 16, 1918. 
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The Public Health Service sent two men of medical training to 
Louisville in October, about the time the troops began to arrive 
there. They established themselves on a coéperative working basis 
with the city and county health officers. They got things done that 
had been talked about as being necessary for many years. They 
actually built over 500 sanitary privies within a few miles of Camp 
Zachary Taylor. Almost every farm was fitted with a flyproof 
sanitary privy. In addition, they took up the restaurant question 
and the physical examination of employees in restaurant kitchens. 

The author had been working on the garbage and refuse disposal 
problem in Louisville during 1917, and at the time the Public Health 
Service stepped into the work there, things were nearly ready to 
develop into some action. A beginning had been made on ordi- 
nances to organize a collection department, to improve conditions 
on the dumps and to provide for garbage disposal. The Public 
Health Service obtained a man who was familiar with the town and 
put him in charge of the collection work. Now they are subdivid- 
ing the town into districts and establishing a model collection serv- 
ice in different parts of the city, with the idea that the city will 
extend this service over the whole city. The program calls for the 
separation of ashes and rubbish from the garbage. From the dis- 
tricts, ashes and rubbish are taken to a dump, which is run as a 
model. A part of the garbage is taken to a hog farm, also under the 
supervision of the Public Health Officers, and a part to a rendering 
plant. They are thus doing work that will be of permanent value 
to Louisville and of much value to other communities. 

For ship construction under the Emergency Fleet Corporation the 
country is divided into eleven districts, extending along the Atlantic, 
the Pacific, the Gulf and the Great Lakes. Last November the 
Department of Health and Sanitation was established under the 
direction of Lieutenant-Colonel P. 8. Doane. He contemplates, 
as soon as he can, placing a sanitary engineer in each of these ship- 
ping districts. The work has the following three objects: 

1. The actual condition of the yards, to see that there is nothing 
which may create sickness among the men. 

2. The environment and conditions; to see that health conditions 
in the towns where the men live are good. 

3. To see what the local and state health departments are doing 
and where they can be assisted. 
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The work taken up by this Department of Health is first medical 
and concerns accidents. It promotes the establishment of small 
hospitals and dressing rooms, with nurses and doctors in attendance. 
In some yards there are physical examinations of the men to see 
that they are not likely to bring disease into the yard. Cases of 
illness are followed into the homes, to be certain they are handled 
as wisely as possible. 

The next thing is sanitation, and the methods can be best ex- 
plained by examples of conditions in some of the western yards. 
In Washington, Oregon and California there are about 50 ship- 
yards. In Washington and Oregon there has been a tremendous 
increase in the lumber activities. Many towns in these states have 
gone as far as 25 miles distant to get their water supplies. They 
now find themselves suddenly faced with the danger resulting from 
camps of 400 to 500 men on the drainage areas, which are very likely 
to make trouble with their water supplies. In some of the yards of 
California, the mosquito problem is very important. In the yards 
near the city of Los Angeles last summer it was necessary to main- 
tain smudges to keep off the mosquitoes. Work has already been 
started on that problem. We find many instances where the 
Federal Government, in its effort to maintain healthful conditions 
at the shipping yards, can effectively coéperate with the local au- 
thorities. In some parts of the West where fishing is carried on 
extensively, there is a great fly problem and flies are not only thick 
enough to be a nuisance, but in the restaurants and eating places a 
real danger. Many of the ship yards located at a considerable 
distance from restaurants, have had to furnish their own lunch 
rooms and some of them have not yet developed their sanitary 
systems sufficiently to meet the fly problem. 

The department of health and sanitation goes into the matter of 
housing. It does not have jurisdiction over additional new houses 
but takes up the question of sanitation in existing houses. For 
instance near some of the large works in San Francisco the lodging 
houses near the ship yards are not properly maintained and the 
men can not get proper lunches. The city and state departments 
of health feel that with the codperation of the Emergency Fleet 
Corporation improvements of a permanent nature can be accom- 
plished. The question of light and heat also comes into the field 
of the department of health and sanitation. 
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SANITARY ASPECT OF THE WATER SUPPLIES AT THE 
ARMY CANTONMENTS! 


By LinuTENANT-CoLoNEL JAMEs T. B. N.A. 


One of the duties of the Sanitary Corps has been the supervision 
of the quality of water supplies at the various cantonments. 

The water requirements of the cantonments, both from the stand- 
point of quality and quantity, have been anticipated by the Canton- 
ment Division of the Quartermaster Corps remarkably well. No 
source has been so inadequate that there was such danger of shortage 
that it had to be supplemented by additional sources ;——-no source was 
questionable from the sanitary standpoint to the extent that its use 
was prejudicial to health. 

In the development of the water supplies, purity was not lost sight 
of. Construction Quartermasters at the various cantonments were 
given blanket authority to purchase chlorinators. This was done in 
practically all cases, either one or more chlorinators being installed. 

The development of supplies for the cantonments has been along 
the following lines: 

(a) Purchase of water from municipalities where the camp was 
located within a reasonable distance from city and where the munici- 
pal plant had facilities to assume the additional load. 

(b) Development of a special supply,—a ground water supply 
where there was knowledge of water bearing strata, and where the 
cost of obtaining it was not prohibitive. 

(c) Lastly, development of surface supplies, supplemented by a 
purification process where necessary. 

Of 31 National Army and National Guard camps, 18 are supplied 
with water from municipal systems. Twelve of these are surface 


1 “Permission to publish the inclosed article, entitled ‘Sanitary Aspect 
of the Water Supplies at the Army Cantonments,’ by Lieutenant Colonel 
James T. B. Bowles, is granted as requested. 
“By direction of the Surgeon General: 
James W. Van Dosen, 
Colonel, Medical Corps, N. A.” 
Presented at the annual convention at St. Louis, May, 1918 
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supplies, demanding such purification as will insure at all times a 
clear, colorless and sanitary water. Six are ground waters, re- 
quiring no purification, with possible exception of chlorination more 
as a prophylactic than a necessity. Most of these municipal systems 
have been found amply large enough to assume the demands of 
additional consumption without increased plant development. 

Fourteen supplies were developed by the Cantonment Division; 
only three of these were surface supplies. 

One of these surface supplies utilizes water from a sparsely inhabited 
water shed, and as a sanitary precaution no other purification is 
necessary than chlorination. The other two are from polluted 
streams and require purification. 

Of the ground water supplies developed, none required purification 
other than chlorination. 

In the case of the western camps, where ground waters are used, 
softening for boiler and laundry purposes has been considered 
advantageous. 

Supervision of quality of water has been conducted on the following 
lines: 

(a) Inspection of municipal plants. 

(b) Arrangements whereby frequent bacteriological examinations 
of all sources could be made. 

The inspection of municipal plants revealed many interesting con- 
ditions. In many cases a modern up-to-date plant, supervised by 
live officials with a sense of the necessity of pure and wholesome water; 
but in too many cases, plants operating with a low margin of safety, 
and under the control of operators who had little knowledge of the 
kind of water the plant was turning out. 

The inspection resulted in either assisting the city to secure com- 
petent men to supervise operation or to make arrangements whereby 
an Officer of the Sanitary Corps would assume responsibility for the 
quality of the water. 

Some authorities gladly and willingly coédperated in carrying out 
the improvements and changes recommended. Others reluctantly 
admitted that the quality of their water supply was not above sus- 
picion. This latter class was usually the short-visioned, non-in- 
formed type of citizen, whose ideal of the best fulfillment of his posi- 
tion was in keeping a tight clutch on the purse-strings. 

From the beginning of the cantonment activities, an effort was 
made to secure accurate bacteriological data concerning the various 
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supplies. Prior to any definite knowledge of the potability of these 
supplies, it was assumed that they were all more or less polluted, 
or at least there was potential pollution and facilities for chlorination 
were installed. 

In this the department had the coéperation of the manufacturers of 
the apparatus for applying liquid chlorine, who gave prior consider- 
ation to all Government orders. Analyses were made at the Army 
Medical School, Washington, D.C., and the Departmental Labora- 
tories of the U.S. A.; by the Red Cross Units and the Public Health 
Service, and at the base hospital laboratories connected with the 
various camp hospitals. 

In the early period of the camps, semi-weekly samples were col- 
lected and forwarded by express or mail to the nearest Government 
laboratory. Where the results of the analyses showed contamination, 
the camps were immediately informed by telegraph. The means of 
protection was chlorination, and where this was not possible an order 
was issued to boil all drinking water. 

In the extra-cantonment areas, the U. S. Public Health Service 
included examination of water supplies in their routine work. This 
was of great assistance in checking up the operation of municipal 
supplies. A great many of these municipalities had no analytical 
data on their water supplies; furthermore there seemed to be no 
tendency on the part of the various State Boards of Health to exercise 
supervision or control. Where analytical data were available the 
interpretation corresponded to numerous and varied standards. 

The standard of the Treasury Department as applied to interstate 
carriers was early adopted as the standard of water supplied to the 
cantonments. 

In the early period of the camps, considerable apprehension was 
caused by the results of the analytical tests, which in many cases 
indicated gross pollution. This could be accounted for only as a 
result of construction. This pollution was in most cases temporary 
and gradually disappeared with continued use of wells and distri- 
bution systems. 

Since the base hospital laboratories have been equipped, bacteri- 
ological analyses of water are now a part of the daily routine. 

The results of sanitary water and typhoid prophylaxis have re- 
sulted in a remarkably small number of cases of typhoid and related 
diseases among the troops at the camps. From September 14 to 
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April 26, there have been 123 cases of typhoid with seven deaths, 315 
cases of dysentery with one death. 

What quota of these cases is attributable to water it is impossible 
to say. 

Several of the typhoid cases developed in the early part of Septem- 
ber and may have had their origin in civilian communities. 

In conclusion the author would state that liberal application of 
chlorine, with close laboratory control and supervision, has resulted 
in a pure and wholesome water being supplied to the camps at all 
times. 
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LOSS OF HEAD IN CORPORATION COCKS AND SERVICE 
PIPES! 


By BrerNarpD J. BLEJSTELN 


Several years ago a series of tests was made by the Bureau of 
Investigation and Design of the Department of Water Supply, Gas 
and Electricity, New York City, to determine the losses of head in 
corporation or service cocks and service pipes. The results of these 
tests may prove of value to the water works profession, particularly 
the tests of corporation cocks, there being very little data available 
on that subject. All sizes in use by the department at that time 
were tested. Of the two largest sizes four of each type were tested 
and of the smaller sizes, two of each type. Of the lead and gal- 
vanized service pipes four lengths of each size about 15 feet long 
were tested. 

The observations were very carefully made, the losses being 
measured by mercury deflections, and the discharges by a 2-inch 
meter of the current type. This type was selected rather than a 
meter of the disc type, as the flow through the latter caused con- 
siderably more vibration and fluctuations of the mercury deflections 
than a meter of the current type. The same meter was used during 
the entire series. It was rated on a testing machine at the beginning 
and end of the tests, the exact discharge at the various rates being 
determined by weighing. 

The corporation cocks were inserted in a length of 12-inch cast 
iron pipe, capped and plugged at the ends, by a tapping machine 
in the usual manner. The main was connected to a fire hydrant 
through the plugged end by means of a short piece of 4-inch gal- 
vanized iron pipe. The cocks were set about a foot apart, the 2- 
inch cocks being set nearest the capped end of the pipe in order to 
eliminate any uncertainties due to swirls at the high rates of 
flow. 

New lead pipe of a size corresponding to the sizeof the corporation 
cock and of double A weight was connected to the tail piece with the 


1 Read before the St. Louis Convention, May 16, 1918. 
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usual form of wiped joint. The meter with a control valve at the 
outlet end was connected to the other end of the lead pipe. The 
galvanized pipe was connected in a similar manner. Both the lead 
and the galvanized iron pipe were of the usual commercial sizes, 
the galvanized being of standard weight. The lengths were selected 
at random from a large stock. The lead pipe was handled more 
carefully than such pipe is usually handled in order to prevent 
denting or needless bending of the pipe. 

In measuring the losses through the corporation cocks, a U-tube 
partly filled with mercury was used. One leg was connected by 
means of rubber tubing to a }-inch opening in the top of the main, 
and the other to a #g-inch opening in the wall of the lead pipe one 
foot from the end of the tail piece. The rubber tubing and the 
upper half of the U-tube were completely filled with water. The 
loss measured included the velocity head, entrance head, and the 
frictional losses through the cock and 1 foot of lead pipe. This 
total loss was high, and at the high rates of flow it was necessary 
to connect three tubes in series, the loss being the sum of the deflec- 
tions in each tube. 

The losses in the pipe were measured in a similar manner, the 
two legs of the U-tube being connected to yg-inch openings, 2 and 
4 feet apart. Tee connections were provided at the different open- 
ings and it was thus possible to measure the losses in the corpora- 
tion cock and the various sections of each length simultaneously. 
The sum of the losses in the various sections was used in computing 
the unit loss for each length. 

Some difficulty was experienced at first in preventing the forma- 
tion of a burr on the inside surface of the lead pipe in drilling the 
holes through which the pressures were transmitted. This was 
finally overcome by punching the holes through the walls from the 
inside in the following manner: Two }-inch holes were drilled 
partly through the walls of the pipe on points diametrically opposite, 
and one of them continued as a 74-inch through the wall. By insert- 
ing a piece of solid drill rod through this opening, the opposite wall 
was punched through, leaving the inside surface quite smooth. 
The burr around the inside of the drilled hole was removed as much 
as possible with a special tool, and the hole plugged up and soldered. 
After the tests were completed, the pipe was cut open at each of 
the holes and the inside surface examined. In only two cases was a 
burr found and in both it was very slight. 
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A single 7-inch hole was drilled through the wall of the galvanized 
iron pipe at each pressure point, using a high speed drill. A small 
burr was formed but no attempt was made to remove it, it being 
felt that this burr would not affect the results materially as the 
inside surface was already quite rough. 

In taking the readings three observers were used, one to read the 
meter, the others to note the U-tube deflections. At each rate of 
flow a sufficient quantity of water was allowed to pass so that the 
dial hand on the meter made a complete revolution. In this way 
any errors due to eccentricities of the dial hand or inaccuracies in the 
graduations were eliminated. The time was taken with an ordi- 
nary watch, readings being taken to the nearest half second. As 
the total time for any individual test was never less than two min- 
utes, the resulting error was probably less than 1 per cent. A stop 
watch was tried but failed to give satisfactory results as it did not 
always start on being released. The deflections were read at 15 
second intervals, the readings being taken to the nearest 7g inch. 
As no defiection was less than 1 inch and at least eight readings for 
each rate were taken, the resulting error is probably also well within 
1 per cent. The mercury in the tubes fluctuated slightly, due to 
changes of pressure in the main, but these fluctuations were never 
more than 2 per cent of the total. 

After a sufficient number of tests had been made on each length, 
the unit losses at the observed rates of flow were computed, 1 inch 
of mercury deflection being equivalent to 1.047 feet of water. These 
values were substituted in the Williams & Hazen formula, 


v=cr g 054 


and the average value of c for each length obtained. From these 
the average value of c for each size was computed. The values of 
c for the same section of pipe at different rates of flow showed very 
little variation, the extreme varying not more than 3 per cent from 
the average. For different sections of the same length of pipe, 
however, the variation was considerable, even in the case of the 
lead pipe. Table 1 shows the average value of c obtained from these 
tests, the range in the value of ¢ for different sections of the different 
lengths, and the range in the average value for the different lengths. 

The diameters given are those ordinarily used in connection with 
lead and galvanized iron pipe, and are not the measured diameters 
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of the actual lengths tested. Unfortunately the actual diameters 


are not available. 


TABLE 1 


Results of tests on lead and galvanized iron pipe 


The greatest variation would be expected in the 


RANGE IN VALUE OF C 


SIZE DIAMETER RANGE OF 
DISC RGE | ec 
SCHA —— | 15ft. lengths 
Lead pipe 
inches inches 
} 0.50 2-16 130-155 , 144-150 148 
5 0.625 2-22 140-165 147-157 152 
3 0.75 5-50 120-148 124-143 137 
1 1.00 10-80 121-140 131-138 134 
1} 1.50 20-200 | 120-149 138-143 139 
2 2.00 60-300 | 140-170 157-162 160 
Galvanized iron pipe 
1 0.623 2-18 | 78-110 92-97 94 
3 0.824 5-50 | 88-125 97-104 101 
1 1.048 10-80 100-125 106-110 109 
1} 1.611 20-200 | 95-115 101-105 103 
2 2.067 60-270 | 80-125 | 98-103 101 


galvanized pipe. 


Subsequently four lengths of each size of the gal- 


vanized pipe were measured by filling with water and the average 
diameter computed, with the result shown in table 2. 


TABLE 2 


Actual inside diameter of galvanized iron pipe, in inches 


SIZE PIPE A PIPE B | PIPE C PIPE D AVERAGE 
| 

j 0.649 0.642 | 0.633 0.622 0.636 

2 0.845 0.839 | 0.834 0.830 0.837 

1 1.062 1.064 | 1.050 1.053 1.057 

1} 1.612 1.600 | 1.618 1.605 1.609 

2 2.080 2.075 | 2.071 2.090 2.079 


The 43-inch pipe shows the greatest difference. 


If the same dif- 


ference had prevailed in the pipe upon which the loss of head tests 
were made and the actual diameters had been used in the computa- 


| | | | 
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tions, the effect would have been to reduce the values of c somewhat. 
In the case of the 3-inch this would have meant a reduction of 4 
per cent. However, as it is usually quite difficult to measure the 
diameters accurately, values of c computed on the basis of the 
standard diameters would be of the greater value. 

Figures 1 and 2 show the curves that were obtained for the various 
sizes of lead and galvanized iron pipe, respectively. They have 
been plotted to a logarithmic scale in order that they may appear 
as straight lines, and be therefore more easily comparable with one 
another. The points that have been indicated are the values for the 
different sections from 2 to 4 feet long, and indicate the variations 
in the different parts of the same length. For the lead pipe, curves 
have been added in which c has a value of 120 and 160; and similarly 
for the galvanized pipe, curves in which c has a value of 80 and 120. 


TABLE 3 


Values of c, coefficient of discharge, of corporation cocks 


VELOCITY IN FEET PER SECOND 
TAIL PIECE, ANGLE 


30 


degrees 


* Strainer. 


: our 
10 = 
inches 
: 45 0.433 0.467 
( 45 0.496 0.500 
\ 90 0.367 0.388 
45 0.433 0.443 
90 0.380 0.408 
45 0.445 0.445 
: 90 0.478 0.478 
45 0.577 0.590 
90 0.567 0.548 
{ 45 0.351 0.298 
90 0.300 0.322 
45 0.459 0.467 
| 90 0.433 0.431 a 
| 
= 45 0.306 0.326 

: 90 | 0.292 0.308 
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Figure 3 shows some typical sections and table 7 the principal 
dimensions of the various sizes and styles of corporation cocks that 
were tested. Cocks with strainers or eel guards are no longer used 
by the department. They clogged up more quickly, and were more 
difficult to blow out than the cocks without the guards. 


TABLE 4 
Lengths of lead service pipe having same resistance to flow as corporation cocks 


CORRESPONDING 
RANGE OF BQ UIVALENT 
LENGTH OF LEAD 
PIPE 


SIZE TAIL PIBCE, ANGLE RANGE OF DISCHARGE 


gallons per minute feet 


inches 
} 3.5- 22.5 3.86- 


6.0- 35.0 
5.0- 35.0 


8.0- 50.0 
7.0- 50.0 


14. 0-100.0 
16.0-100.0 


70.0-250.0 
70.0-250.0 


30.0-160.0 
25.0-180.0 


600-400 .0 22 .60-2 
60.0-400.0 22 .95-31 


80.0-350.0 
80.0-300 .0 


* Strainer. 


Figure 4 shows the curves obtained for the corporation cocks. 
They have also been plotted to a logarithmic scale. The losses 
shown include the velocity head, entrance head, and the frictional 
loss in the cock. The velocity head curves for the different sizes 
have also been plotted. 

It will be noted that with one exception, the losses through the 
cocks with 90 degree tail pieces are larger than those with 45 degree 
tail pieces, the difference being greater for the smaller sizes. The 
addition of a strainer or eel guard practically doubles the loss. 


4.70 
45 4.96- 5.94 
ae 90 6.24- 7.54 3 
90 6.65- 7.72 
90 7.00- 9.23 
90 1022-13 .52 
45 | 14. 10-23.45 
90 | 18. 20-2145 
90 10 
90 | 36 .00-40.75 
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The relation between the loss in the corporation cock and the 
velocity head may be expressed by the formula C = H/P, in which 
TABLE 5 


Pressure in street mains in pounds per square inch required to give the tabulated 
discharge through a corporation cock and 89 feet of Seal service pipe 


DIAMETER OF LEAD PIPE, WITH SERVICE COCK SIZES BELOW 
| 
2 inch 14 inch linch & 
FLOW 
* a = = = 
gallons per 
minute * * * 
40 .-] St 8} 19; 2] 4] 10} 21] 18} 24) 35) 60) 80 
50 418) 80) 4 7} 15] 32) 28) 37) 54 
60 3} 6] 18) 43) 5) 7| 9! 22) 47] 39) 51) 76 
70 4; 25) 63) 7| 9) 13! 30) 68) 52) 69 
80 ke ..| 5} 10} 33 9} 11} 17} 40 68 
90 ..| 6] 13) 42 12} 14) 21) 52 
100 3] 4) 4) 7} 16) 51 14| 17} 26 
125 5} 6} 7} 12) 25) 77) ..| 22) 27) 40 
150 8} 9} 10) 17| 36 .| 30) 38} 57 
175 10} 12) 13) 23] 49 41) 51) 77 
200 13} 16} 29) 62 52) 65 
225 17} 20) 37 65 
250 20) 24) 25) 45 
275 24| 29) 30) 55 
300 35) 36) 64 


* With strainer. 


H is the velocity head, and P the total loss as measured by the 
U-tube minus the loss through the 1 foot of lead pipe. The value 
of C is not a constant, being in general higher for the larger values 
of H. The loss P also represents the pressure required to produce 
the velocity head H, hence C is equal to the coefficient of discharge. 
Table 3 gives the values of C as computed from the curves on 


figure 4. 
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The relation between the losses in the corporation cocks and the 
losses in pipe can be shown by computing the length of lead pipe 
of a size corresponding to the size of the cock, in which the loss 
would be the same. This equivalent length is not a constant, being 
greater for the higher rates of flow and for the larger cocks. Table 
4 gives the range in the values of this length for the various sizes 
and rates of flow indicated. 

The values at other rates than those indicated may be obtained by 
direct proportion without material error. 


TABLE 6 
Loss of head in pounds per squire inch in 10 feet of lead pipe; velocity head not 
included 


finch =| | inch | meh 
5 1 | | | 

15 6 3 | 

20 10 5 1 

100 3 | 
150 7 | 1 
225 15 | 3 


Tables 5 and 6 were prepared from the results of these tests and 
have been found to be quite useful. Table 5 gives the pressures 
required on the street main in pounds per square inch to discharge 
through the various combinations of corporation cocks and service 
pipes, the rates of flow indicated. The figures are also equivalent 
to the difference in pressure between the street main and the end 
of the service pipe when discharging into the house plumbing under 
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pressure. The length of the service pipe has been taken as 30 feet. 
Table 6 gives the loss through 10 feet of lead pipe. From these 
two tables the pressure required for any length of lead service 
can be readily computed. 


TABLE 7 
Dimensions of various sizes of corporation cocks illustrated in figure 3 
4 INCH , INCH | 2 INCH | 1 INCH 14 INCH 2 INCH 
A lj 1% 2% 3% 
B 1} 1} 2 235 3} 
1} 13 1} 235 3} 
D 3} 33 3} 32 5 775 
E 1 1 1 # 1} 1% 
F 0.944 1% lf; 1.605 2.351 2.853 
G 0.632 0.753 0.878 1.112 1 235 
J 4 8 2 1 1} 2 
N 1} 1} 1} 1} 1} 1} 
O 13 13 2% 2 13 13 
Q 23 23 23 23 3% 33 
R 13 1} 1} 13 2 2 
Ss 23 | 23 23 3 3 33 
U 1} 
V 12 12 12 | 12 8 S 
W 0.822 1.053 1.145 1.361 2.024 23 
X 18 13 2} 2} 314 4} 
T | 13°-1'0" | 13-10" | 13°-1'0" | 1°-1°0" | 1°-1°0" 
(TAPER) 
ade f Number of openings........... 6 10 
\ Size of openings............... 
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PRESIDENT’S ADDRESS! 


By Masor Tueopvore A. LEISEN 


Conditions during the past year have been abnormal and as a 
natural sequence, the affairs of the Association to a certain extent 
have been affected thereby. Tor this reason, it is not possible to 
expatiate upon any extraordinary achievements or record-breaking 
accomplishments as a result of the year’s progress. That we have 
held our own so well financially and in membership is ample reason 
for congratulation and is testimony of a healthy, stable existence. 

If a brief reference may be permitted to the internal dissensions 
which characterized the last annual meeting, it can be stated 
that the storm clouds which then hovered over the Association’s 
affairs—fraught for a time with a menace of serious disaster— 
appear to have cleared away, and the hope is sincerely expressed 
that now and in future, all personal feelings will be suppressed in 
the interests of that spirit of universal codperation and service with- 
out which this Association cannot expect to attain and maintain 
the purposes for which it was formed, and which all members who 
have the interests of the Association at heart so earnestly desire. 

The revision ,of the Constitution is one of the most important 
matters which is now before the Association, and some of the amend- 
ments as finally concurred in by the Committees, it is believed, will 
have a tendency to insure smoother operation in the affairs of the 
Association, and eliminate or reduce undue friction, if the amend- 
ments are adopted. The amendments involved have received very 
careful consideration by both the Committee on Revision of the 
Constitution and by the Executive Committee, and the results were 
placed before the membership in ample time to permit a thorough 
understanding of the questions at issue before the matter is brought 
to a vote. 

At no time in the history of the country has the necessity for the 
beneficial influence of national associations been more vital to their 
membership than during the existing crisis and this is particularly 


1Read at the St. Louis Convention, May 15, 1918. 
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so in connection with those representing public utilities in general 
and publie water supplies in particular. 

One of the principal lines of service which this Association should 
endeavor to render at this time to that large portion of its member- 
ship who represent directly or indirectly the management of water 
works, is coéperative assistance through proper channels in obtain- 
ing fuel and other commodities essential to the continuous and 
efficient operation of the plants. The first move in this direction 

vas the affiliation with the National Committee on Gas and Electric 
Service, and was productive of considerable good, but there was an 
apparent lack of effort to take full advantage of this committee’s 
facilities and sérvices, or much better results might be recorded. 
Other steps tending to effect these results are now under contem- 
plation and it is hoped that the combined efforts along these lines 
will afford marked relief in obtaining prompt deliveries of coal and 
other supplies to all water works administrations. 

Despite certain handicaps which hampered some of the work 
during the past year, the activities of the Association as depicted by 
the official Journal have not fallen below the average standard of 
other years, but a still higher standard is attainable and it sh uld 
be the earnest effort of every individual member to strive unremit- 
tingly for that goal. 

There are many other questions to which it would be possible to 
refer, but the crowded condition of the program offers an excellent 
excuse for condensing this address, and the over-burdened status 
of my position at this particular time affords an even better one for 
not inflicting on the members a prolonged statement or discussion 
of matters with which they are already familiar. 

In conclusion, I desire to express my sincere gratitude to the 
Association for the confidence shown and for the honor conferred 
in electing me to the Presidency, and to offer my apologies for not 
having given to the affairs of the Association the full measure of 
attention which the position of president demands. For the major 
portion of the year, it has been a question of service to the Associa- 
tion or service to the Government, and what I was able to give was 
devoted to the latter, to the detriment of the Association’s affairs. 
The committees have mostly performed excellent service, and their 
good work was in marked contrast to the delinquency of your 
President. 


HISTORY OF THE ARTESIAN WATER SUPPLY AT 
SAVANNAH, GEORGIA! 


By E. R. Conant 


Savannah, the county seat of Chatham County, Ga., has a popu- 
lation of 80,000. The county is in the eastern section of the coastal 
plane, and has an area of 370 square miles. Savannah is 18 miles 
from the sea coast anc is on the south bank of the Savannah River, 
and the elevation of the city above sea level ranges from 14 to 40 feet. 

Historical. Previous to 1854, when the city had a population of 
15,000, the domestic supply was obtained from wells ranging in 
depth from 15 to 30 feet. They were of the ordinary circular type 
lined with stone or brick, and ordinary hand pitcher pumps were 
placed at the top of them. The city maintained these wells and 
pumps, and the records show that the annual expenditures for ob- 
taining a ground water supply by maintaining some 150 wells, 
ranged from $3000 to $7000. The records state that the water fur- 
nished was soft and wholesome, but in one of the old city reports, it 
was stated that mulberry trees growing anywhere near these wells 
were required to be removed, because they affected the purity of the 
water, in what way the author cannot imagine. 

The city also constructed and maintained approximately twenty 
large brick cisterns under ground, each with a capacity of from 5000 
to 10,000 gallons, which were kept filled for fire service only. These 
were abandoned many years ago, but the author in paving a street 
recently discovered one of these old cisterns and after opening it at 
the top found it to be partially filled with clear water, and there was 
no algae growth on the walls. The cistern was entirely closed, the 
water entering it by percolation through the brick. Unfortunately 
no bacteriological analysis was made of the water to ascertain whether 
it was potable. 

In 1851, the mayor and aldermen engaged the services of A. W. 
Craven, chief engineer of the Croton water works, New York, as 
consulting engineer to design a project for obtaining a surface water 
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supply from the Savannah River. This supply was put in operation 
in 1854, and the author found in one of the old reports that the first 
Worthington type of pumping engine was installed at Savannah 
under this project. Water partially filtered was taken from the 
Savannah River at a point opposite the thickly populated portion of 
the city, and pumped to a standpipe, from which it was distributed 
by mains over a portion of the city. After twenty years operation 
of this plant, it was believed that the health conditions of the city 
would be improved if the intake at the river was further from the 
city proper, and a new pumping station, locally known as the river 
station, was constructed at a point 1? miles up the river, and this 
station was used for pumping direct from the river until 1887, when 
an artesian well supply was adopted. 

Introduction of artesian wells. In 1879 the mayor of the city 
brought up the question of the possibility of obtaining a water sup- 
ply by boring artesian wells. Little was known of artesian wells at 
this date and for a number of years the city authorities were skeptical 
of obtaining a suitable supply by this method. As far as the author 
can learn the earliest artesian or deep well in Georgia was bored in 
Savannah in 1882, and the boring of others soon followed, as they 
were self-flowing and furnished a most desirable quantity of water. 
The agitation for obtaining an artesian well supply for Savannah 
resulted in the boring of several wells, and at the end of 1887, 15 wells 
had been bored near the river pumping station alluded to above, and 
a small reservoir was constructed into which the water from the wells 
entered by gravity, and the city’s supply was obtained from these 
self-flowing wells. With a diminution of the flow, due to the lowering 
of the static head, the wells failed to furnish the necessary supply, and 
to make up the deficiency a portion of the supply was taken from the 
Savannaly River and temporarily mixed artesian and river water was 
used. 

Geological data. The Atlantic coastal plane reaches from New York 
to the Florida straits. This plane is underlaid by a great sediment of 
superficial deposits consisting of gravel, sand, clay, marl and loam, 
and in certain localities lime rock full of cavities exists, which forms 
the aquifer into which the water pours from the catchment areas 
through a stratum of sand beds, which have a general seaward dip. 
These aquifers form valuable underground water resources. Along 
the coast of Georgia there is a strip 25 to 40 miles wide bordering the 
coast overlying water-bearing strata or aquifers through which water 
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comes from a catchment area located from 80 to 100 miles northwest 
of this coast line. The character of the water obtained from the 
aquifer along the Georgia Coast is in almost every instance potable 
and suitable for a domestic supply, and at this time there are over 
1000 wells tapping the aquifer in this state alone. The direction of 
the flow from the catchment area to the aquifer at this locality is in a 
southeastern direction, and it is observed that the interference of one 
well over another is less when they are bored on an axis perpendicular 
to the line of flow than where they are promiscuously bored, as was 
the case with the first artesian well supply at the river pumping 
station, above referred to. 

The strata penetrated in boring artesian wells at Savannah consist 
of 250 to 300 feet of clay with interbedded layers of marl and sands, 
and under this from 220 to 250 feet of porous limestone, or more 
strictly speaking, limestone with voids or cavities. The principal 
water-bearing stratum is in the limestone. Below this, for 300 to 350 
feet, a formation of marl intermixed with some shell is found until a 
shallow stratum of flint rock is struck at about 950 feet below the 
surface. Below this, for a depth of 50 feet, is another water-bearing 
stratum of limestone similar to the upper aquifer. 

Gwinnett Street pumping station. As noted above the supply at the 
river station was insufficient to meet the needs of the city, and in 1891 
a new project was adopted for supplying it with artesian water, which 
project at the time was one of the most carefully planned of any in the 
country. The site selected for the new pumping station is two miles 
southeast of the river station, well within the corporate limits of the 
city. The city employed as consulting engineer, Thomas F. Johnson, 
of Chicago, who at the same time was installing an artesian supply at 
Memphis, Tenn. The plan here consisted of boring 12 wells 300 feet 
apart in a continuous line nearly perpendicular to the line of the 
subterranean fow. The depth of the wells is from 500 to 600 feet. 
They are all 12 inches inside diameter, and the casing is driven to a 
depth of approximately 250 feet, where it is imbedded in rock so that 
there cnn be no contamnation of the aquifer from surface water fol- 
lowing the casing. A brick conduit 6 feet in diameter was con- 
structed from 10 to 16 feet below the surface of the ground on a level 
grade, with elevation at mean low water, into which the wells flow, 
and the water is carried through this conduit to the pump well at the 
station. 
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The pumping equipment consisted of two Holly engines of the 
Gaskill type of 10,000,000 gallon capacity each. A 42-inch main was 
laid from the pumping station to the edge of the thickly populated 
section of thecity, 4000 feet distance. This station is ¢ mile from the 
center of the water supply distribution. No standpipe or reservoir 
was provided, and at this date there is no standpipe or reservoir other 
than a small pump well which has a capacity of 40,000 gallons, and the 
brick conduit, which has a capacity of approximately 600,000 gallons. 
This pumping station was put in operation in 1893, and has been in 
continuous use without interruption since then. 

When the Gwinnett Street station was put into operation the river 
station was shut down, and was not utilized, except for emer- 
gency use, for 11 years, and since then this station has only been used 
to make up any deficiency in supply that the Gwinnett Street station 
could not furnish with one pumping unit, the supply from the river 
station being about 10 per cent of the total consumption. The wells 
at the Gwinnett Street station were at first self-flowing, but the 
flow gradually lessened and an air lift plant was installed in 1902, 
consisting of two Ingersoll-Rand air compressors of 1800 cubic feet 
capacity of air per minute. In 1908 a single air compressor of 1200 
cubic feet per minute capacity was installed at the river station. 
The method of operation at the Gwinnett Street station, is to work 
one unit for a month, then shut down this unit and operate the other, 
except in case of fire, when an increased supply is required, then both 
engines and compressors are immediately put in operation. The 
river station is only operated during the day, except when a peak 
load has to be provided for. 

Static head of wells. When artesian wells were first bored in and 
near Savannah, the water rose to from 30 to 35 feet above mean low 
water. With a continuous draft upon the aquifer, the static head 
fell, and the rate and amount of lowering of the static head depends 
largely upon how concentrated the draft on the aquifer is at any 
locality. Take, for instance, the river station where 25 wells were 
bored promiscuously within a 10-acre tract. Records do not give the 
fall in the static head at the river station after the wells, were first 
bored, but the diminution of the flow that occurred would indicate 
that within three years after they were put in operation the static 
head dropped at least 20 to 25 feet. Artesian wells were bored at the 
river station in 1887-1889, and between that year and 1893, the 
domestic supply, with the exception of a small percentage of pumpage 
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at times from the river, came from these wells. With the construc- 
tion and operation of the Gwinnett Street station in 1893, the river 
station was shut down, excepting for very brief periods, until 1909. 
Since 1909 both stations have been in operation, but only from 
1,000,000 to 4,000,000 gallons daily has been drawn from the wells 
at the river station; therefore, there has only been a light draft on 
the aquifer at this locality, and the elevation of the static head has 
changed but little. 

At this time the elevation of the static head at the river station is 
from 4 to 6 feet above mean low water, whereas at the Gwinnett 
Street station, only 3900 feet away, where there is heavy continuous 
draft upon the wells, the static head of the 12 wells adjacent to it 
averages 12 to 14 feet below mean low water. Sufficient data have 
been collected to show approximately the rate of lowering of the 
static head at this station from 1893 to the present time, and if the 
fall in the static head was graphically shown, the line showing the 
lowering of the static head would form a parabolic curve with the 
flattening out of the curve occurring at this time. 

In 1890, when the wells were first bored at the Gwinnett Street 
station, the static head there was approximately 28 feet above 
mean low water, and the static head of the original wells bored 
in this vicinity was approximately 35 feet above mean low water 
so that the operation of the wells at the river station previously 
to the boring of the wells at the Gwinnett Street station evidently ef- 
fected to some extent the water pressure in the aquifer at the Gwin- 
nett Street station. Three years after the wells were first put in 
operation at the Gwinnett Street station, the static head fell 12 feet, 
and five years later the static head had fallen 5 feet further. Unfor- 
tunately there is no record of the elevation of the static head in 1902, 
when the air compressors were first installed, and not until 1915 was 
the static head carefully determined by the author, when it was found 
to be from 10 to 12 feet below mean low water. In other words, dur- 
ing the last 17 years, the static head at the Gwinnett Street station 
has dropped approximately 22 feet, equivalent to an annual drop of 
somewhat less than 14 feet. 

Assuming that a still further flattening of the curve of the static 
head lowering occurs, it will be a long time before the drop will fall 
to such an extent that the cost of obtaining water either with elec- 
trically driven pumps or with an air lift system will be excessive. 
With the present air lift system the additional cost per million gallons 
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pumped per each foot of sinking of the static head is 15 cents. Un- 
doubtedly a continuous heavy draft on the aquifer will cause a con- 
tinued lowering of the static head, but if there should be an inter- 
ruption in pumping for any length of time the static head would 
return to an elevation considerably above mean low water. Wells 
just bored on the prolonged axis of the existing wells and distant 900 
and 1600 feet from the nearest old wells have the elevation of the 
static head at approximately low water. New wells that have been 
bored within a distance of 2 or 3 miles of the river station are self- 
flowing at this date. 

In connection with the static head it is necessary to consider the 
draw-down, which is proportional to the draft placed upon the 
wells. The draw-down at the Gwinnett Street station wells is from 
12 to 15 feet, and at the river station approximately 6 feet, but if 
the air is cut off, the water rises rapidly to its ordinary static head 
elevation. 

Interference of wells. As stated above, the wells at the river station 
were bored promiscuously in a small area, without any relation to the 
line of flow of the aquifer, and the wells interfere one with the other 
much more than at the Gwinnett Street station. Nine months ago 
a new well was bored within 90 feet of the one of the old wells at the 
Gwinnett Street station, and there has been very little interference 
between the two. 

The static head has apparently only dropped 2 feet at this point, 
due to the additional draft on the aquifer. That this well has not 
interfered more with the old wells near it, can only be explained by 
the fact that the new well is a little deeper and evidently enters poc- 
kets that the old well does not draw from. We have one deep well 
1500 feet. deep, within 1000 feet of one of the old wells, which taps 
two aquifers, The static head is higher and the draw-down in this 
well is very much less than in the other wells. 

Capacity of wells. While the aquifer has been tapped for a period 
of twenty-nine years, there is just as much water in the aquifer at this 
time as there was originally, as shown by the capacity of the wells, 
but it is necessary to go a little lower for the supply. When the wells 
were first bored at the river station the capacity of the 22 wells was 
approximately 6,000,000 gallons and it is easy to obtain this quantity 
now. Reference to the capacity of the wells at the Gwinnett Street 
station for various periods gives better data as regards the strength of 
the aquifer. When the 12 wells at the Gwinnett Street station were 


| 


258 E. R. CONANT 


bored in 1892, the total flow from it was 10,300,000 gallons per day. 
In a year or two this flow diminished to 9,500,000 gallons and in 1897 
the records show the flow to be further reduced to 5,500,000 gallons. 
In 1900 the flow was slightly less, recorded as 5,000,000 gallons, and 
in 1902 the flow was approximately the same, but when the air lift 
system was introduced in 1902, the capacity of the wells increased to 
10,300,000 gallons perday. Tests made by the author of the capacity 
of the same wells in 1915 showed the supply to be at the daily rate of 
15,000,000 gallons, and at this date the city is obtaining this quantity 
without any effort, in fact at this time it is pumping from 8 wells and 
obtaining 10,000,000 gallons per day. This shows that there is a 
great subterranean flow, which is believed to be inexhaustible, and all 
that is needed is for a suitable distribution of wells to draw water 
without creating a too concentrated draft on the aquifer. The air is 
applied to the wells through 23-inch pipe with no nozzles or air pump 
at the lower end, and the submergence is around 60 per cent. Nota 
well has been lost since they were first bored, this being due to the 
wells entering a limestone formation where there are no heavy pockets 
of sand. 

Before the installation of the air lift, attempts were made to increase 
the flow of the wells by dynamiting, which produced no appreciable 
benefit. Another method was attempted of applying water under 
pressure to the wells. This was done by laying an 8-inch main along 
the axis of the wells and connecting the well with it. This flushing 
did increase the flow for the time being about 12 per cent. The 
running pressure of air at the wells at this time ranged from 22 to 30 
pounds, with 45 pounds air pressure at the station. 

Chlorine contents. One feature with artesian wells that requires 
attention is the possibility or probability of salt water entering the 
aquifer as the static head is lowered. It so happens that several 
analyses of artesian water were made in 1893 and the chlorine con- 
tent of the water at that time was found to be 6.1 parts per million. 
In 1915 the chlorine content was found to be 6.2 parts per million, 
showing that up to this date there had been no increase in the salinity 
of the water. The wells that go to the lower aquifer reach a water of 
slightly different chemical analysis, the chlorine contents being about 
14 parts per million. 

Analyses of water from the artesian wells at Tybee, fifteen miles 
distant, which is on the sea coast, show the chlorine contents to be 
6% parts per million, so that apparently there is no fear of the water 
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at Savannah becoming too salty for potable or domestic use for a 
long time to come. 

Tidal interference. There is some oscillation in the static head of 
some of the wells, corresponding to the rise and fall of the tide at the 
sea coast, and this amounts in some localities to about 4 feet. It is 
not appreciable in the wells at the Gwinnett Street station, where 
water is drawn from the aquifer all the time. At the river station, 
when there is cessation in the pumping, the static head varies some- 
what, and other wells in the county that are self-flowing have a 
stronger flow when the tide is high than when the tide is out. 

Consumption of water. Savannah at this date has a population of 
approximately 80,000. The average consumption is 10,300,000 gal- 
lons per day, or a per capita consumption of 129 gallons. The con- 
sumption has fluctuated in the past from 115 to 165 gallons. This has 
been due in part to abnormal pumping during extraordinary cold 
spells and the extension of house drainage system, but especially to 
the large waste due to faulty plumbing. 

A pitometer survey was made in Savannah in 1912 and consider- 
able saving in pumpage was brought about by the werk done following 
this survey. In the mains the pressure, which at one time was 
30 pounds, has been increased to 50 pounds. The city has com- 
menced the installation of meters and has passed an ordinance 
requiring stop and waste cocks on all risers. It is carrying out house 
to house inspection of all plumbing fixtures. The installation of only 
700 meters last year brought about 4 per cent reduction in the per 
capita consumption. 

Fuel consumption. Accurate records have been kept of the fuel 
consumption at the Gwinnett Street station since it was first put in 
operation in 1893. When the new pumps were first installed the 
consumption was 2000 pounds per million gallons pumped into the 
mains. Rather singularly the consumption sank regularly for a 
period of five years when 1450 pounds of coal pumped the same amount 
of water. This was during the period whem the wells were self- 
flowing. The lift from the pump well is approximately 12 feet and the 
pressure in the force main was at that time from 20 to 30 pounds. 
The installation of the air compressor increased the amount of fuel 
required to 2600 pounds of coal per million gallons pumped into the 
mains, but after efficiency was brought about in the operation of the 
air lift, the fuel required fell to 2100 pounds. From 1904 to 1914 the 
annual increase in consumption of coal has been 90 pounds per mil- 
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lion gallons pumped. This, of course, is accounted for by the slowly 
receding elevation of the static head, to the machinery becoming 
older and to the increase in pressure in the mains from 30 to 50 pounds, 
so that at this time the consumption is 3240 pounds of coal per 
million gallons. 

The city’s destructor plant, which destroys the city’s refuse, was 
put into operation in March, 1914, and is operated by steam fur- 
nished by burning the refuse. The excess steam not required to 
operate the plant itself is conveyed from the boiler to the main boiler 
head at the pumping station. This excess steam for three years and 
nine months has resulted in the saving of $26,100 worth of coal, 
and if there was enough refuse to operate the destructor plant at its 
full capacity, the saving for this period would have been about double 
this amount. This total cost of operating the station, including 
maintenance, fuel and incidental expenses not excluding interest on 
investment, depreciation, or allowing for any sinking fund, has been 
on the average of $12. per million gallons pumped. At this time 
with abnormal conditions, the operating cost has risen to $16. per 
million gallons. 

Deterioration of well casing. Investigation made of one well casing 
removed from the River Station showed it had suffered deterioration. 
On account of slight contamination of the water occurring at the 
river station two years ago, a thorough investigation was made to 
ascertain how this occurred, and this investigation has shown beyond 
a doubt that infiltration of surface water occurs through some of the 
well casings. In order to prove this, an attempt was made to with- 
draw one 10-inch casing and with the application of two 100-ton jacks 
the author succeeded in withdrawing 150 feet of the pipe, which then 
broke off at this depth. In the casing, at a point about 40 feet below 
the surface, a hole was found which it was thought at first might be 
due to electrolysis but was finally concluded to be due to corrosion. 
At present, to avoid contamination of the water, in the morning before 
pumping occurs into the mains, it is customary to apply the air com- 
pressor and waste the water from the wells for a period of one hour. 
This eliminates the accumulation of infiltered water through the 
previous night and with this operation there has been no trouble, as 
continuous pumping creates internal pressure in the casing greater 
than the outside pressure, thus keeping out infiltration. These cas- 
ings have failed after 26 years life, and it has been planned to do 
away with this station within a few months. 
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The plan for improving the Gwinnett Street station includes the 
installation of electrically operated pumps of 13 million gallons daily 
capacity, thoroughly overhauling the present machinery, and setting 
additional meters to reduce the waste, so that the one station with 
one unit will supply the present demands. 

Cost. The construction of the river station, which was met by a 
bond issue, cost $220,000; other outlays, such as the cost of the air 
lift system, for this station have been $57,000. 

The initial cost of the Gwinnett Street station was $427,000, and 
since its construction to the present date $80,000 was expended for air 
lift plant and for new wells, making total construction cost $784,000. 

Financial management. With the exception of one bond issue of 
$200,000, to pay for the first construction in 1882, all costs of con- 
struction, maintenance, extensions and renewals have been paid from 
the current revenue derived from the sale of water. 

The management of the water works of this city has not been unlike 
the management of many municipalities, in that no sinking fund has 
been provided and any excess revenue over the expenditures for out- 
lays or operation has been thrown into the treasury and used for any 
municipal use. No charge has been made against various depart- 
ments for water furnished; the city has been exceedingly liberal as 
regards free water and only recently has taken proper steps to prevent 
and avoid wastage by the consumer. 

From 1882 to the end of 1917 the revenue from the water works 
department has been in round figures $3,359,000. The total expen- 
diture for the operation and maintenance for this period was 
$1,320,500; for construction of plant and mains and installation of 
air lift system, boring and connecting wells, a total of $1,328,500: 
was expended. 

The cost of construction, boring of wells and connecting them, 
amounted to $1,328,500. An inventory of the water works de- 
partment made by the author at the end of 1917 places the value of 
the physical portion of this department at $826,950; therefore, the 
depreciation is estimated at $501,550. 

The total outlay for the past 36 years was $2,649,000, giving a 
surplus, excluding depreciation, of $710,000, or a net surplus, allowing 
for depreciation, of $208,450. There are no outstanding liabilities 
and the plants have been fully paid for. If the plant was privately 
owned, interest on investment would have to be considered, but this 
is more than offset by the public and free service that has been given. 
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It can be seen that rates for water have been fixed very closely to 
what has been required to meet the expenditures, but there should 
have been a sinking fund provided. Had there been a sinking fund 
the much-needed rehabilitation and extension of the water works 
system could be carried out at this time without recourse to a bond 
issue, which will be required within the very near future. 

The per capita income is very much less than theaverage per capita 
income of other municipalities. In Savannah it is somewhat less 
than $2.00 per year per capita, while the average in the United States 
is about $2.50 per capita. 

The total pumpage for 26 years was 97,408,000,000 gallons, making 
the total cost per million gallons pumped, including cost of construc- 
tion, maintenance, all outlays, including extension of mains, etc., 
$27.20. 


WATER WASTE ELIMINATION. METHODS AND 
RESULTS AT OAK PARK, ILL.! 


By H. P. T. Matre 


All will agree, no doubt, that the most important factor in the 
elimination of waste is complete meterage. This belief is held 
firmly in Oak Park, but the author will try to show that it must be 
supplemented by other measures in order to be entirely effective. 
These have been divided into the following heads: 

1. Strict maintenance of meters. 

2. Rigid collection of high bills due to leakage or waste. 

3. Efficient complaint department, to take care of complaints 
caused by excessive water bills. This includes education of con- 
sumers. 

4. Master meter for measuring the entire supply to the distri- 
* bution system. That is, a recording Venturi meter, or any of the 
various types of recording pitometers, with accompanying recording 
pressure gauges. 

5. Periodical waste surveys. 

To these may be added the following, important, although often 
overlooked, elements in the control of waste: 

6. Absolute control of all the divisions of the water department 
by the manager. 

7. Strict adherence to the rules and regulations, or ordinances. 
This means that the water department must be upheld by the 
municipal authorities. In other words, let the water works be out 
of politics entirely. 

The foregoing rules have been in force in Oak Park, and to that 
fact the author ascribes the following results: 

During the four-year period between 1913 and 1917 inclusive, 
although the population has increased 34.6 per cent and the number 
of services or meters 32.5 per cent; the daily consumption increased 
only 20.7 per cent. The daily per capita consumption has decreased 
from 75 gallons to 67.6 gallons, or 10.6 per cent, the minimum night 
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rate of consumption diminished 37.5 per cent and the ratio of the 
minimum night rate to the average daily consumption, dropped 
from 40.8 to 21.2 or 48 per cent. The percentage of water accounted 
for by meters has increased from 72 per cent to 83 per cent. 

Oak Park has always been 100 per cent metered. All the water 
pumped into the distribution system, except that which is lost 
through underground leakage, is delivered through meters. This 
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includes all municipal buildings, watering troughs, drinking foun- 
tains, street sprinkling water used in parks, and fire hydrants when 
used for other than fire purposes. Water used in the construction 
of houses is sold through meters buried in the parkway. Moreover 
there is no free water. 

Referring to item 1, maintenance of meters, all meters are tested 
periodically, a practice which has been found profitable, although 
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not required by the Public Utilities Commission. Meters are read 
every quarter in a continuous reading system, for which purpose 
the city is divided into six districts so that those found to be not 
registering can be brought into the shop, repaired and put back 
into service within a week after being read. 
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The second point, the rigid collection of high bills due to leakage, 
is important and has a beneficial effect on the success of the meter 
system: In other words, although it may be hard on the consumer, 
he will, if properly impressed, appreciate the importance of watch- 
ing his fixtures and become educated in spite of himself. 

No reduction in bills is made on account of leakage. Short and 
pointed instructions, which include the policy of the Water Depart- 
ment, are printed on the backs of the water bills. If the complain- 
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ant has been guilty of the characteristic failing of mankind, that of 
being unobserving and neglecting to read the information supplied 
to him every three months, he deserves to pay for his inattention. 

This does not mean that the department is heartless and does not 
admit mistakes. The consumer is given the benefit of the doubt 
from the first, owing to the fact that the department realizes that it 
is but human and can be in error in several ways. In fact the 
department lets it be known that it is glad to correct its faults. 
If, however, upon thorough investigation it is found that the water 
was consumed through leakage or otherwise wasted, the bill must 
be paid. In order to be fair certain allowances are made if the 
waste was in the ground and invisible. In this case the lowest 
rate at which water is sold in Oak Park is allowed, although the 
quantity consumed may not justify the consumption to be placed 
in that class. 

In any case of high bills, whether this concession is given or not, 
if the consumer is plainly unable to pay the bill as it stands (these 
claims being investigated), an installment plan of payment is 
adopted; but with the provision that the bill must be paid within 
year. 

The reason for this attitude is this; every student of human nature 
knows that if a water department is reputed to be lenient, the aver- 
age person takes a chance and depends upon his ability as a bluffer 
to get out of paying the bill. Talk is cheaper than plumbing bills. 
If he is victorious because “‘he has been unfortunate and won’t let 
it happen again,” he surely will. In the old days of leniency it was 
found that the average consumer did do it again. 

But it is impossible to handle this matter properly without an 
efficient complaint department, for it is then impossible for the 
department to prove its case. Every water works man who has had 
to deal with consumers under the meter system is aware of the 
number of excuses and prevarications that are evolved in order to 
make the management believe that there was a mistake made in 
the reading, that there are no leaks, that the fixtures have been 
repaired recently, that the meter works when no water passes through 
it, that the meter reader is in collusion with the ‘‘bunch of grafters 
in the office’ and reads the meter from the next block, and so on. 

Oak Park, however is prepared to prove to all these amateur 
lawyers that they have no case in court. There is a record of all 
complaints of whatever nature that have been made to the water 
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department and about the water department for the past five years. 
These are arranged by years in 3 by 5-inch card files, and are the 
original records. All calls are recorded on the same size cards, three 
colors being used to distinguish between complaints relating to 
meters and bills, complaints and job orders relating to the mechani- 
cal division, and those relating to delinquent bills. This record 
is very valuable in refuting unjust accusations, in tracing past 
records, and for the purpose of settling especially difficult problem. 

All complaints concerning high bills are investigated and a com- 
prehensive written report is made to the consumer. The nature 
of the complaint is written on the card provided for that purpose 
and is given to an inspector who makes a specialty of investigat- 
ing high bills. It has been found impracticable for the meter reader 
to waste time making investigations. He notes all unusual sounds 
or evident leakage on the reading slip and a special call is made. 
Sometimes a consumer is dissatisfied even after a second investiga- 
tion, and he is allowed to hold the payment of the bill until the next 
quarterly statement, when he will see for himself the result of stop- 
ping small leaks. If, however, a rebate is yet expected or sought, 
a final notice of “‘Shut off for non-payment” is issued and the water 
is shut off in spite of threats of litigation. 

For the purpose of determining the cause of persistent high bills, 
where ‘“‘there are only two in the family, no leaks, and there is no 
sprinkling done; while the family next door has three or four chil- 
dren, does its own washing, sprinkles the lawn all day, and has only 
minimum bills,” the department has evolved a recording detector 
which is substituted for the meter and which gives a graphic record 
of the consumption for twenty-four hours or a week. It is thus 
possible to spot the number of times the faucets are opened, the 
number of baths with the quantity used each time, and the number 
of times the toilets are used. It has thus been possible on many 
occasions to show that the toilet valve would not work about every 
fifth time it was operated, and that the lady of the house was appar- 
ently too clean, having the habit of letting the water run in the 
kitchen sink too long each day or that somebody took a cold bath 
every morning and consumed about 50 gallons each day in the 
operation, or that a thermostat used by a central heating plant 
leaked at some time during the day, or that the toilet was used too 
often to wash down foreign substances that did not belong there. or 
finally that the servant was very wasteful. 
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The complaints on account of high bills dropped in number 
from 2000 in 1913, to 600 in 1917, due to the education of the con- 
sumers who, realizing that the department means business, is 
strictly impartial and is able to help them reduce their water bills, 
have begun to coéperate with the department. 
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The third item in the efficient elimination of waste is the installa- 
tion of recording pressure gauges and a master meter directly on 
the distribution system. The combination of the two devices is a 
great aid in estimating the rate of consumption during the night, 
which is due to leakage alone, in noting the progress each day in the 
stoppage of leaks, and in determining the necessity for making a 
special waste survey. The efficiency of the pumping station attend- 
ants as well as that of the pumps can be determined at a glance. 
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Many plants are equipped with Venturi meters or pitometer re- 
corders placed on the main leading to filter beds, or to reservoirs or 
standpipes. The character of the consumption cannot be accu- 
rately determined by meters so placed that the fluctuations cannot 


The waste survey, one of the most important elements in the 
prevention of continued needless waste on a metered water system, 
is next on the list, and the author hopes to see it become more 
popular. 

In order to shorten the work of making waste surveys and avoid 
unnecessary work, it is advisable to make first a rough survey of the 
entire city with a pitometer, which is done by isolating certain dis- 
tricts and measuring all the water consumed through one of the 
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mains as a feeder. Here is where the master meter on the distribu- 
tion system comes into use. The Oak Park department often shuts 
down large districts for a few minutes and notes the drop on the 
Venturi chart. It is impossible to do this at night because the 
quantity is only 400 gallons per minute between the hours of 1 and 
4a.m. In fact the smallest pump is so throttled in order to main- 
tain the assumed pressure of 40 pounds that the opening left is equal 
in area to that of a 2-inch pipe. The Venturi meter is not sensitive 
enough at that low velocity; but it is possible to accomplish nearly 
the same result in the day time during periods of steady consump- 
tion when there is a draft of 2000 or 3000 gallons per minute. In 
this case the drop has been found sufficient to allow the making of 
an analysis of the leakage conditions. The pitometer is the surest 
way, however, for it is possible with it to obtain accurate informatjon 
and so eliminate the “good districts.” 

After the pitometer survey, especially when the leakage is so 
small that there is little velocity in the mains, the “hydrant and 
hose method” follows logically. It is practically useless to expect 
any headway if a displacement meter is used, as the rate of con- 
sumption and the minimum flow cannot be accurately determined. 
The Oak Park department uses a 2-inch Venturi meter, but a 
pitometer inserted into a short piece of pipe 2 inches or smaller in 
size is as good. A manometer and as much condemned fire hose as 
can be obtained from the fire department, completes the outfit. 

During the summer of 1917 the department tested 18 miles of 
mains, and stopped leakage amounting to 220,000 gallons per day. 
This represents a saving in the cost of water purchased from the city 
of Chicago, of $5,000 and the outfit used cost only $150, exclusive 
of the hose. It also accomplished the reduction of the night rate 
of consumption to the assumed standard of 20 per cent of the aver- 
age daily consumption. 

It has been the Oak Park experience that in order to be most 
efficient, a water department must be under one head. That is, 
not only should the manager take care of the mechanical end of the 
water works system but also the financial part. He should also 
inaugurate the policies. It is very difficult to handle complaints 
regarding high bills and to give satisfaction if the money is collected 
in one department, “‘shut-offs’” for non-payment of bills are handled 
in another, and the bills are rendered in either of the foregoing or 
yet in a third one. 
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It is trying for the superintendent or manager to make a decision 
and be obliged to back down if the complainant is able to obtain a 
concession from someone higher up, who is not vitally interested 
in the efficient operation of the department and yields to pressure 
from some political adherent. It is difficult to enforce ordinances or 
rules if exception must be made in the case persons of influence or 
important political henchmen. It is impossible to prevent needless 
waste of water if certain organizations or institutions, by vote of the 
municipal authorities, are allowed free water against the advice of 
the manager. 

The author acknowledges that absolutely nothing could be done 
toward the efficient management of the Oak Park water department 
were it not that the municipal authorities are intelligent business 
men who investigate all complaints thoroughly before acting upon 
them, and stand back of all the department’s apparently arbitrary 
decisions, which, though they may cause temporary bad feeling, 
make for the betterment of the department. In short the depart- 
ment is able to live up to the water ordinance to the letter. Itis 
not a mere scrap of paper. 


‘ 
reat 
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A PRELIMINARY ANALYSIS OF THE DEGREE AND 
NATURE OF BACTERIAL REMOVAL IN FIL- 
TRATION PLANTS! 


By WoLMAN 


The determination of a law of bacterial removal by rapid sand 
water filtration plants is of great practical importance and utility. 
Such determinations of plant efficiencies are valuable as indicators 
not only of present but also of future performance. The objection 
is, however, often justly raised against the attempt to predict quan- 
titatively the possibilities of bacterial removal, that existing numeri- 
cal measures of performances are misleading and in some cases even 
harmful. The calculation of percentage removal from raw water to 
effluent is an illustration of the type of measure which has arithmeti- 
cal accuracy, but little logical basis. It is quite evident, however, 
that it would be desirable to measure quantitatively the performance 
of a plant in such a way as to obtain a comparative conception of how 
well or how badly it is being operated. 

Since at present no agreement exists among operators, designers, 
or public health officials as to a standard of ‘good performance,” 
because, in the past, agreement has been prevented by the inter- 
minable search for a “standard effluent,” itself the subject of dis- 
agreement, it becomes necessary to attack the problem of rating or 
standardizing plant accomplishment from another angle. In this 
discussion, an initial search is made for certain basic characteristics 
of rapid sand filtration. The term, rapid sand filtration, is here used 
more broadly than usually, to describe the entire process from pre- 
liminary coagulation through sedimentation or settling, filtration, 
and disinfection. 

The measure of variable phenomena by comparison with ideal or 
“normal” conditions is a procedure common to scientific analysis. 
The application of this method offers here a fruitful means of testing 
our ideas of filtration efficiency. The first problem obviously con- 
sists in the attempt to determine a possible correlation between the 


1 Read before the St. Louis Convention, May 15, 1918. 
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number of bacteria in the final effluent of a filtration plant and the 
number in the raw water. A numerical statement of the problem 
should be clearer. If a plant uses a raw water containing 500 bac- 
teria per cubic centimeter and produces an effluent containing 10 per 
cubic centimeter, will the same plant produce an effluent of 20 per 
cubic centimeter when the raw water content is 1000 per cubic centi- 
meter? Can one predict, in other words, with any degree of precision, 
what effluent counts should be normally attainable with varying raw 
water counts? 

The use of a “percentage efficiency” is of but little value in the 
solution of this problem, since that measure is predicated upon the 
very assumption that the effluent counts vary directly, rather than 
more complexly, with raw water counts. The fallacy in this view 
need hardly be demonstrated at this late period in the development 
of filtration practice. 

The norm or ideal performance from which it is possible to obtain 
hypotheses as to standard empirical accomplishment is not difficult 
to deduce. The ‘normal empirical performance”’ may be defined as 
the accomplishment of a filtration plant which is known to be oper- 
ating successfully. Successful operation can be said to exist wherever 
there is an unquestioned superior bacteriological and physical quality 
of effluent, consistent performance, excellent control, and scientific 
observation of operating details. Plants whose performance may be 
used as the basis for comparison and for the derivation of the law of 
bacterial removal, are not at all rare. In this analysis, the operating 
statistics of the filtration plant at Avalon, Maryland, owned by the 
Baltimore County Water & Electric Company and operated by 8. T. 
Powell, were used. 

This plant obtains its raw water from the Patapsco River, a highly 
polluted stream, ranging in turbidity during the year from 0 to 5000 
parts per million and in bacterial content (20°C. gelatine-48 hours), 
from several hundred to 150,000 per cubic centimeter. The water- 
shed of the stream is composed largely of cultivated areas, with no 
large sewage polluting influences. This water is treated with alu- 
minum sulphate, at an average rate of 0.8 grain per gallon, and is 
then allowed to settle for four hours. After leaving the sedimenta- 
tion basin it is treated with calcium hypochlorite with an average 
dose of 0.34 part per million, and then passes through the rapid sand 
filters which have a capacity of 2,500,000 gallons per day. 
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The plant is controlled scientifically by a trained operator with the 
aid of modern equipment and laboratory observation. During 
several years of operation the bacterial content of the effluent has 
not exceeded, at any time, 20 bacteria per cubic centimeter. Pre- 
sumptive tests for B. coli in lactose broth have indicated positive 
tests in 1 ce. less than 2 per cent of the time during any year. The 
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Fig. 1. BacTERIAL REMOVALBY THE AVALON Rapip SAND FILTRATION PLANT 
During 1916 1917; 20°C. BacrertaL Counts UsEp 


number and kinds of bacteria are determined in raw water and final 
effluent every day and general experimental data are constantly 
collected. 

It is clear, therefore, that the plant in Baltimore County approaches 
so closely, from the standpoint of operating results, the ideal plant as 
to justify the use of its performance as the basis of a law of filtration. 

In order to determine with some degree of accuracy the form of a 
characteristic empirical performance curve, the results of raw water 
and final effluent counts of the Avalon plant were plotted on figure 1. 
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In order to avoid plotting a mass of points which would tend to con- 
fuse the reader, seven-day averages of both stations, rather than 
daily results extending over a period of nineteen months in 1915, 
1916, and 1917, were used. In plotting these values, approximately 
520 daily analyses were summarized. These were obtained in con- 
secutive months and under every phase of operating conditions. No 
counts were discarded as being unfair or incorrect. Figure 1 repre- 
sents, therefore, the normal daily performance of the plant for more 
than a year and a half. 

A study of the samples plotted on figure 1 reveals at once a con- 
sistency of arrangement. It is clear, too, that the performance of 
this normal plant is represented by the curves shown on figure 1. 
Inasmuch as these curves are practically straight lines, within the 
limits shown, the derivation of their equation is simple. The equa- 
tion of a straight line, when the results have been plotted on a log- 
arithmic basis, is given by: c = log y + log x, where c is a constant 
for this particular plant, and y and z are respectively the raw water 
and final effluent counts. 

It would appear, therefore, that the “normal empirical perform- 
ance”’ is represented by a curve having the equation: y = 2°. A 
tentative hypothesis, with regard to bacterial removal by filtration 
action, may be promulgated, therefore, as follows: The final effluent 
count, under normal operating conditions, is an exponential function 
of the raw water count. This hypothesis provides a means of deter- 
mining whether or not a plant under scrutiny is, at least, ‘‘performing 
normally,’’ where normal performance would be interpreted as con- 
formity to the logarithmic curve of filtration. Figure 2 illustrates, 
for instance, the failure of plant A to perform its function efficiently. 
By comparing the points on figure 2 showing the operating statistics 
of plant A with the points and the form of resultant curves in figure 
1, it becomes clear that the plant A is erratic in performance in so far 
as the graphic representation of its operation departs from what we 
have reason to believe is a characteristic form of ideal curve of 
bacterial removal. 

The “normal performance” curve demonstrates the fallacy of 
assuming that the difficulty of removal of bacteria is relatively the 
same regardless of the number of bacteria in the raw water. Al- 
though this assumption is rarely publicly proclaimed, it is usually 
summoned, however, to the aid of those plants which, for one reason 
or another, are so unsuccessful as to require a specious hypothesis, 
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fairly reasonable to the layman, to support their claims to maximum 
efficiency of 99 per cent plus. The practical results of a scientifically 
controlled plant certainly seem to lead to the conclusion that in- 
creases in raw water bacterial content decrease the corresponding 
bacterial content interval in the final effluent. 

It should be added, too, that the equation of normal performance, 
y = 2x°, offers a new quantitative measure of the efficiency of any 
plant, obtained by evaluating in any case the constant, c. Such a 


10000 | T T 


> RAW WATER 8 COUNT 


200 5 20 PO} Sp 70 40.90 
FINAL EFFLUENT COUNT 


Fig. 2. INCONSISTENCY OF PERFORMANCE OF PLANT A AS INDICATED 
BY 20°C. Counts 


measure, among other qualities, has the advantage of a rational basis 
and of a practical significance. Its use has been discussed elsewhere? 
by the author. 

What absolute value this constant, c, or the so-called ‘coefficient 
of efficiency,” should attain is dependent upon individual opinion of ~ ~~ 
“good performance.” It is of interest to note, however, that, in a 
survey of 19 rapid sand filtration plants, varying in size from 2.2 to 
80.0 million gallons filtered per day, the coefficient of efficiency of 
these plants has attained an annual average of over 2.5. The raw 
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waters which these plants had to treat contained turbidities ranging 
from an annual average of 1 to 561 parts per million, and average 
bacterial contents from 350 to 16,500 per cubic centimeter. The 19 
plants chosen, therefore, for the evaluation of c, are representative, 
in their initial conditions, of rapid sand filtration. 

The probable existence of the law of filtration, y = x°, combined 
with known values of c, practically attainable, gives the investigator 
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Fig. 3. PERFORMANCE CuRVES OF Four LarGE Rapip SAND 
FILTRATIGN PLANTS 


of filtration plant accomplishment the fundamental criteria with 
which to measure both the character and the amount of removal in 
any particular plant. The objection may be raised to the above 
method of critical standardization of plants, that all do not function 
in a similar manner, on account of differences in raw water, resulting 
from peculiarities of suspended matter, variations in resistance of 
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bacteria, and other similar factors. This objection does not seem to 

the author to be entirely valid, since peculiar characteristics of raw 
water are usually provided for by variations in design, such as in- 
creased periods of sedimentation and greater doses of disinfectant. 
It is reasonable to suppose, therefore, that given plants, initially 
properly designed for local conditions, should function according to 
some common law, since death rates under disinfection, devitaliza- 
tion and sedimentation and filtration of bacteria differ in the degree, 
but not in the kind, of changes effected. 

The preliminary theory of bacterial removal by filtration is sup- 
ported by the curves shown in figure 3, where are plotted the average 
monthly results from several large rapid sand plants in the United 
States. The monthly, instead of the weekly, results are used since 
the latter were not obtainable. Theform of curve would be the same 
in both instances, while the value of the constant may change. It is 
quite obvious that each plant follows in its performance the char- 
acteristic y = x° curve. 

Since the death-rate of bacteria under the action of disinfectants, 
and under well defined conditions, has been shown,’ to follow in general 


the law: c = Paprenas log 3 it will be necessary to look for the causa- 


tive factors of the y = x* law in other phases of the system of rapid 
sand filtration. It is the author’s purpose to study further the bac- 
terial removal in the individual and distinct processes of coagulation, 
sedimentation, and filtration proper, with a view to throwing further 
light on the problem of causation.‘ 


3H. Chick, Jour. of Hygiene, Vol. 8, 1908; Vol. 10, 1910. 
‘Strictly speaking, the equation of a straight line curve plotted on logarith- 
mic axes is: y = bx°, where b is the intercept on the y axis. In that case, c 
becomes rather than logy. 
log x log x 

particular problem, since b, the intercept on the y axis, would be equivalent 
to those raw water counts which produce resultant final effluent counts of one. 
Since zero counts are rarely obtained in filtration plants, even with extremely 
low raw water counts, it is conceivable that the performance curve in the 
‘normal operation’’ described above would intercept the y axis at some point 
approaching unity. Log b, therefore, would approach zero and could be neg- 


log y 


Log } is infinitely small in our 


lected in the evaluation of c. It is evident, therefore, that c = meas- 


ures in each case, with sufficient accuracy, the slope or inctination of the per- 
formance curve, the significant index to the efficiency of bacterial removal. 


SOME ASPECTS OF CHEMICAL TREATMENT AT 
ST. LOUIS WATER WORKS! 


By A. V. GraF 


The principal streams contributing to the water supply of the 
city of St. Louis are the Mississippi, Illinois and Missouri Rivers. 
The Illinois River enters the Mississippi 33 miles north of the in- 
takes at the Chain of Rocks and in traversing this distance a more or 
less intimate mixture of the two waters is effected. The Missouri 
River enters the Mississippi 54 miles north of the intakes and causes a 
pressing of the Mississippi River water upon the east bank of the 
river and in this way, as a rule, very little mixing of the two waters 
occurs by the time the water reaches the intakes. At times the 
turbidity of the water on the west side of the river is ten times as 
great as that of the water on the east side, and at other times the 
color of the east water is 25 parts per million greater than that of the 
west water, showing the incompleteness of the mixing of the two 
waters. With a high stage in either river and a low stage in the 
other, the mixing of the waters is more complete. 

The waters in each of these rivers have certain characteristics 
which become of greater or less interest as the stages of the rivers 
vary. The Mississippi River drainage area being covered with 
swamps, the water in this river becomes highly colored at times of 
heavy run-off, while the Illinois River, carrying a large amount of 
sewage, contains colloidal organic matter which seems to act as a 
protective colloid on the turbidity carried by this river. The water 
in the Missouri River, always turbid, becomes much more so at times 
of heavy run-off. The dissolved solids in these waters vary con- 
siderably but dissolved solids offer no difficulty in the treatment of 
the water and are therefore of less interest. 

The river water enters the plant through two intakes, one, the 
old or west intake, 1500 feet east of the west bank of the river and 
connected to the wet well by a 7-foot circular, brick-lined tunnel, 
2197 feet long. The other, or east intake, is 700 feet east and 200 


1 Read before the St. Louis Convention May 15, 1918. 
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feet north of the west intake and is connected to the wet well by an 
8-foot circular, concrete-lined, tunnel 2747 feet long. 

The water drawn through the west intake is principally Missouri 
River water for the greater part of the year, while the water drawn 
through the east intake is that of the mixture of the Mississippi and 
Illinois River waters, although at times the water at both intakes is 
practically the same both chemically and physically. 

The east intake was in service only ninety-seven days during the 
past year whereas the west intake was used for three hundred and 
fifty days. Because of the greater difficulty of treating the water 
from the east intake, this is not used unless low stages of the river or 
anchor ice, or both, are affecting the pumping. 

The water entering the tunnels flows by gravity to the wet well, 
whence it is pumped, against a dynamic head of 58.3 feet, into the 
delivery well and flows from there to the grit chamber where the 
average velocity of flow, at a rate of pumping of 150,000,000 gallons 
per day, is only 0.33 foot per second. In this chamber the coarser 
and heavier part of the suspended matter is deposited, the amount 
removed depending upon the character of the suspended matter as 
well as upon the amount present in the water. The efficiency of the 
grit chamber is shown in the fineness of the material removed, over 
50 per cent of the matter deposited passing a 100-mesh sieve. The 
tons of matter removed by the grit chamber during the past year was 
63,703 or 23 per cent of the total suspended matter present in the 
water. 

Leaving the grit chamber, the water flows through a short conduit 
to the mixing chamber, where milk of lime and a solution of sulphate 
of iron are added. These chemicals are prepared in the coagulant 
house for addition to the water and are pumped a distance of 900 
feet to the mixing chamber. 

The lime is weighed out in automatic scales and is dumped into 
circular slaking tanks which are provided with revolving rakes. 
The temperature of the milk of lime in the slaking tank is kept at 
200°F. This is accomplished by keeping up the temperature of the 
fresh water supply by passing it through the coils of a heater tank 

into which the milk of lime at 200° is drawn. From 4 to 44 pounds 
of water per pound of lime are used in slaking. The water over- 
flowing from the water tank is run into a cooling and diluting box, 
where the temperature is reduced to as low as 64° in winter time to 
108° in summer. The strength of the milk of lime as pumped is 
38,600 parts per million of CaO. 


= 


CHEMICAL TREATMENT AT ST. LOUIS WATER WORKS. 281 


A slaker tank is kept in service until the accumulated unslakeable 
material is great enough to impede the motion of the rakes. From 
50 to 150 tons of lime are slaked before a tank is taken out of service, 
the amount depending upon the purity of the lime. Tests made to 
determine the effect of limes of varying percentages of CaO upon the 
amount of lime that could be slaked before a slaking tank had to be 
taken out of service, showed that for every increase of 1 per cent in 
the available CaO, above the lowest lime tested, an additional 10 tons 
could be slaked. Contracts for lime are let under a specification 
requiring a lime of 85 per cent CaO, with a bonus or penalty of 1.5 
per cent for each 1 per cent above or below the required 85 per cent. 

The sulphate of iron is measured by passing it through an adjust- 
able orifice onto the surface of a cylindrical drum, revolving at a 
constant speed and is discharged in a continuous flow into a tank, 
where it is dissolved without stirring, by water entering through a 
manifold at the bottom of the tank, the solution being drawn off 
through an overflow. ; 

The mixing conduit into which the chemicals are delivered is a 
reinforced concrete box, 2382 feet long, 32 feet 1 inch wide and 12 
feet 6 inches high, divided longitudinally into four compartments, 
each 7 feet wide and 11 feet high. The four compartments are 
supplied with stop-plank openings so that they may be thrown in 
parallel, used in series or withdrawn from service for cleaning. In 
normal operation the water enters the west channel and travels the 
full length four times, a total of 9528 feet, having an average velocity 
of 3.3 feet per second when the rate of pumping is 150,000,000 
gallons a day. 

Provision is made so that the lime or iron may be added to either 
of the four compartments, but the lime is added, for the greater 
part of the time, to the raw water as it enters the mixing conduit 
and the sulphate of iron as it leaves the conduit. The period of 
mixing averages about one hour. The sides and bottoms of the 
first two compartments are badly coated; the coating on the sides 
is practically all calcium and magnesium carbonates and magnesium 
hydroxide while the bottom coating consists of the sand and un- 
slakeable material present in the lime added, bound together by the 
precipitated calcium carbonate and magnesium hydroxide. 

The value of the mixing chamber is shown by an occurrence of last 
year. A leak in the south end of the mixing conduit, due to the 
failure of the contractor to properly plug a drain, caused the conduit 
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to be taken out of service. The water was passed from the delivery 
well direct to the first of the sedimentation basins, the sulphate of 
iron being added in the tunnel at the coagulant house and the milk 
of lime at the delivery well. 

The turbidity of the water in the delivery well was 2500 at the time 
and the turbidity of the water in the last of the sedimentation basins 
was 20, the amounts of chemicals added being 6.25 grains of lime per 
gallon and 0.25 grain of sulphate of iron. After the mixing conduit 
was taken out of service, the sulphate of iron was increased to 2.50 
grains per gallon, the lime remaining the same. In forty hours the 
turbidity of the water, in the last of the sedimentation basins, in- 
creased to 40, the turbidity of the river water remaining practically 
the same as on the preceding days. By adding ten times the amount 
of sulphate, the results were still inferior to what was accomplished 
with the mixing conduit in use. The additional cost due to the use 
of a larger amount of sulphate of iron while the conduit was out of 
service, one and one-half days, was $390. 

The points of application of the milk of lime and sulphate of iron 
depend upon the condition of the raw water. With a water high in 
color and low in turbidity the iron is added before the lime with good 
results. If the high color is accompanied by a turbidity of 200 to 
300 parts per million, better results are obtained by adding the sul- 
phate of iron as the water leaves the mixing conduit. With high 
turbidity the lime is always added at the first opening and the sul- 
phate of iron at the last. With low color and low turbidity due to 
colloidal matter, the sulphate of iron is added at the third opening, 
which allows a mixing through one-half of the conduit. At times 
with finely divided suspended matter in the raw water, the only 
sedimentation that takes place is accomplished in the first basin, the 
turbidity of the water in the last of the sedimentation basins being as 
great as that of the water leaving the first basin. 

With high stages in the Mississippi and Illinois Rivers and a low 
stage in the Missouri, the worst condition is encountered. The high 
color of the Mississippi together with the colloidal matter in the 
Illinois make a water hard to handle. The use of sulphate of iron, as a 
coagulant, at these times is accompanied by some difficulty. The 
coloring matter of the water combines with the iron and instead of a 
diminution in color, the color is increased. The suspended matter 
being really colloidal and some of the iron hydroxide remaining in the 
colloidal condition, the turbidity of the water after sedimentation is 
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greater than that of the river. This highly colored and turbid water 
is much less amenable to treatment with sulphate of alumina. The 
amount of sulphate of alumina required to give the required floccu- 
lation of the suspended matter is from 4 to 5 grains per gallon. With 
this large amount of sulphate, the water passing the filters is clear but 
is still of high color, the iron content being eight to ten times as great 
as normally. At times when this condition occurs, no relief is ex- 
perienced until the Missouri River run-off increases and thereby gives 
a turbid water which offers enough suspended matter for the rapid 
subsidence of the floc of ferric hydroxide. The more turbid the 
water at the intakes, the less trouble there is with turbidity causing 
material remaining in suspension. 

After passing through the mixing conduit, the water enters the first 
of six sedimentation basins, each 400 feet long by 670 feet wide, of 
30,000,000 gallons capacity. The first three division walls have five 
stop-plank openings and the last two four openings, all 43 feet deep 
by 8 feet long. These openings render the sedimentation basins less 
efficient than would wiers extending the full width of the basins, but 
because of the necessity of maintaining an elevation of the water but 
little lower then the top of the basins, the need of stop-plank openings 
at times of cleaning is apparent. The time of sedimentation, based 
upon the capacity of the basins, varies from thirty to forty-three 
hours, but the actual time is much less, the effects of a change in the 
amounts of chemicals added being noticeable in twelve to fifteen hours 
in the last of the basins. About 90 per cent of the suspended matter 
and bacteria are removed in the first basin and 9 per cent in the re- 
maining basins. 

The total amount of matter removed from the water during the 
past year, including the chemicals added and the dissolved solids 
removed, amounted to 326,775 tons or 484,111 cubic yards. Some 
of the mud was removed by opening the sewer gate for one-half hour 
at varying intervals but the greater part was removed from the basins 
by labor and teams. The teams are used to draw scrapers which cut 
off portions of the mass of mud and drag them to the central gutter, 
through which water is flowing. The men are provided with scrapers 
which are used as such and also as braces to keep small A-shaped boxes 
in place, as the mud drawn by the horses and the water used to aid in 
removing the mud are drawn by the boxes. The cost of the removal 
of the mud from the sedimentation basins, not including the cost of 
the water, was 0.762 cent per cubic yard for the past year. 
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The water leaving the sedimentation basins enters a collecting con- 
duit and passes through two 8-foot Venturi meters and into a small 
secondary coagulation basin, connected to secondary sedimentation 
basins by stop-plank openings. The solution of sulphate of alumina 
is added at the throat of the meters and is automatically controlled 
so that the quantity added per unit is constant for any setting, re- 
gardless of fluctuations in the flow through the meters. 

No mixing chamber is provided here because of the low permissible 
loss of head, namely, 13 feet. There are two secondary sedimentation 
basins, one east of the filter plant and one north, each of which is con- 
nected to the influent flume of the filters. The time of reaction and 
sedimentation, based on capacity, is twelve hours with both basins in 
service and six hours with one. The water entering the secondary 
coagulation basins being usually of a turbidity less than 20, little 
sedimentation takes place. It is not expected that these basins will 
need cleaning for some years. 

The water entering the filter plant is passed through 40 filters, 
each with a filtering area of 1400 square feet, of 4,000,000 gallons 
capacity. The filtering media consist of 30 inches of sand above 12 
inches of graded gravel. The effective size of the filter sand as placed 
in the filters was 0.341 mm., with a uniformity coefficient of 1.81. 
The effective size has increased to 0.407 mm. and the uniformity co- 
efficient has been reduced to 1.45 due to the coating of the sand grains 
by material having the following composition: 


per cent 


Liquid chlorine, in the form of chlorine water, is added after filtra- 
tion in a chamber in which the filtered water from the three connec- 
tions to the effluent flume is combined. Two conduits, one a 7-foot 
3-inch steel tube, the other a brick and masonry conduit 9 feet high 
and 11 feet wide, are connected to this chamber. These conduits 
convey the water to the pumping stations at Bissell’s Point and Baden. 
The bacterial reductions caused by the chlorine were far from satis- 
factory until a baffle was built in the chamber to aid in mixing the 
chlorine with the water. 

The reduction in bacteria in the water flowing through the steel 
line is always less than in the water in the brick conduit. Charges 
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of chlorine great enough to give tests for free chlorine in the water in 
the brick conduit, three hours after treatment, give no test in the 
steel line three minutes after. The disappearance and ineffective- 
ness of the chlorine in the water entering the steel line is attributed to 
the steel of the line. The Electro Bleaching Gas Company supplies 
the liquid chlorine which is measured and controlled by the liquid 
type meter apparatus also supplied by this company. 

The accompanying operation record for the year ending February 
28, 1918, shows very clearly the kind of water treated, the improve- 
ment in the condition of the water for each step of the purification 
system, the amounts of chemicals used and other details of operation. 


Cost of operations per million gallons, St. Louis 


1918 1917 
Old purification plant: 
Operating and miscellaneous expenses......... 1.18 1.04 
$4.52 $3.54 
New purification plant: 
$1.16 $0.79 
Operating and miscellaneous expenses......... 1.32 1.12 
$2.75 $2.05 
Total cost for purification....................... $7.27 $5.59 
Pumping 
1918 1917 


} 
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THE DOUBLE 48-INCH MANIFOLD AT BISSELL’S POINT, 
ST. LOUIS 


By C. M. Datty 


A brief history of the St. Louis water works will be given, to enable 
the reader to understand the changing and growing conditions lead- 
ing up to the present state of affairs which requires flexibility in the 
pumping from no. 2 engine house at Bissell’s Point. To obtain the 
desired flexibility a chamber containing a double 48-inch manifold 
is now under construction about 129 feet west of no. 2 pumping 
station. 

In the history of the St. Louis water works, the four years between 
1867 and 1871 formed a constructive period, during which time was 
built the new pumping station at Bissell’s Point, consisting of an 
intake tower, settling basins, low-service pumping station, clear well 
and no. 1 high service station. During this same period the stand- 
pipe on Grand Avenue and Compton Hill Reservoir were constructed. 

In 1884 a second standpipe at Blair Avenue and Bissell’s Avenue 
and the second high-service station at Bissell’s Point were built. 
Another construction period was from 1887 to 1895; during this time 
an intake tower, tunnel, low-service pumping station and six settling 
basins were constructed at the Chain of Rocks and a 9- to 11-foot 
brick conduit connecting the settling basins at the Chain of Rocks with 
the settling basins at Bissell’s Point, having a total length of 7 miles, 
were built. A third high-service station was constructed at Baden, 
3.4 miles north of Bissell’s Point, in 1898, and in 1905 a storage reser- 
voir at Baden and a 7-foot steel flow line connecting with the settling 
basins at the Chain of Rocks were built. 

After the low-service station at the Chain of Rocks was in use the 
intake tower and the old low-service station at Bissell’s Point were 
abandoned, the settling basins becoming storage reservoirs. The 
three high-service stations received their supply of water from the 
Chain of Rocks by gravity flow through a 11-foot brick conduit and a 
7-foot steel pipe to Baden and through a 9-foot brick conduit from 
Baden to Bissell’s Point. The loss of head was about 1 foot in 10,000. 
288 
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The high-service stations at Bissell’s Point carried 85 pounds pres- 
sure per square inch and supplied the lower sections of the city, 
Compton Hill storage reservoir floating on the line. Baden high- 
service station carries 125 pound pressure per square inch and sup- 
plies the higher portions of the city. A standpipe at Compton Hill, 
erected in 1899, is connected to the Baden line. 

From time to time additional equipments were added to the three 
high-service stations until 1911, when it became necessary to increase 
the capacity of both the Baden and Bissell’s Point service. At this 
time the stations were equipped as follows: At Baden there were 
six triple expansion crank-and-fly-wheel engines four of which are 
rated at 15,000,000 gallons per day, and two at 10,000,000 gallons 
per day, the continuous working capacity being about 50,000,000 
gallons. At Bissell’s Point station no. 1 there were three triple ex- 
pansion crank-and-fly-wheel engines having a continuous working 
capacity not exceeding 38,000,000 gallons per day. At station no. 2 
there were three walking-beam engines built between 1884 and 1887, 
each having a nominal capacity of 16,000,000 gallons per day, the 
continuous working capacity not exceeding 30,000,000 gallons. 

The problem presenting itself in the Water Department at that 
time was to increase the output of both Baden and Bissell’s Point 
service to meet the increasing demands. To increase the capacity 
of Baden station it would have been necessary to build an additional 
engine house and a long 36-inch service main to reach the center of 
the distributing area. At Bissell’s Point station no. 2 the fact that 
the engines had a very low efficiency (about 65,000,000 foot pounds 
per 1000 pounds of steam) justified their replacement. The distance 
to the center of the high pressure distribution area being closer, 
requiring a shorter and therefore cheaper 36-inch main, the loss of 
head in the conduit being much less than in the 36-inch pipe made it 
more economical to pump from Bissell’s Point, except in the northern 
and north-western part of the city, than from Baden. It was, there- 
fore, proper from an economical standpoint to increase Bissell’s 
Point station no. 2 rather than Baden station. The final decision 
was to change Bissell’s Point station no. 2 to work on both the Baden 
service and the Bissell’s Point service. 

To carry out this plan the three old engines were removed and two 
20,000,000 gallon Holly triple-expansion crank-and-fly-wheel engines 
were installed in 1913 and one 20,000,000 gallon centrifugal‘pump was 
installed in 1915. The three pumps were designed to work either on 
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Baden or Bissell’s Point service. The three 36-inch discharge pipes 
from this station were used for the new engines; one of these 36-inch 
mains was connected to the Baden service near Grand Avenue tower 
and the other two mains remained on Bissell’s Point service. 

The plan to install two more 20,000,000 gallon engines in this sta- 
tion would require extending the present by-pass arrangement far 
beyond its present limits in order to maintain the desired flexibility 
of pumping. This would require more space than there is available 
for the purpose. After various schemes were proposed and studied, 
it was decided to make the necessary by-pass connections through a 
double 48-inch cast iron manifold, to be built in a reinforced concrete 
chamber located 129 feet west of no. 2 station. 

The manifold is designed to accommodate five engines, as a maxi- 
mum, pumping into either Baden or Bissell’s Point service with any 
engine. It is composed of two parallel 48-inch flanged cast iron pipes 
94 feet long, spaced 12 feet apart in a vertical plane and erected at 
right angles to the 36-inch mains from the pumping station. The 
Baden service mains connect to the upper manifold and the Bissell’s 
Point service mains to the lower. 

Each main from the station will be connected to both upper and 
lower manifold in a vertical plane by means of a Y-branch introduced 
into the main about 20 feet east of the manifold. Each branch of 
each main will have a hydraulic-operated gate valve inside the con- 
crete chamber. These valves will be operated from the station, per- 
mitting the engineer to pump, at will, into the 85-pound or 125- 
pound service mains. 

Three hand-operated and two hydraulic 36-inch valves are placed 
on the service mains leaving the manifold and four hand-operated 
48-inch valves placed in the manifold are for the purpose of with- 
drawing part of the system for any necessary repairs or inspection. 
The manifold is designed for connecting five service mains; four 
mains are now in place. . The present plan is to use the two central 
mains for Bissell’s Point service and the north main for Baden serv- 
ice: the south main, being the new 36-inch steel line, for both Bis- 
sell’s Point and Baden service, the by-pass valves for this purpose 
being located at a distant point. 

The manifolds are supported on steel I beams, incased in concrete 
for protection, which rest on the side walls of the chamber. The 
chamber; whose top will be flush with the ground at the center, is 102 
feet long, 20 feet, 4 inches wide and 18 feet, 8 inches deep, all inside 
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dimensions. The bottom is designed to distribute the weight of the 
chamber and manifold over the entire area, the side walls to act asa 
vertical beam designed to withstand water pressure on the outside or 
one-half that pressure on the inside; horizontal beams at the top of 
the wall transfer the reaction of the wall to struts or ties across top. 
The struts or tie beams act also as roof girders, on which rest remov- 
able reinforced roof beams which support the removable roof slab. 
The roof slabs are 5 feet, 8 inches by 5 feet, 23 inches and 4 inches. 
thick and are provided with openings for eyebolt connections for use 
in handling. The bottom of the chamber is lower than the sewers in 
its locality, and the drainage is effected by laying a 12-inch cast iron 
pipe to the sump in the engine house, where the water may be col- 
lected and pumped into the sewer. 

Actual work on the chamber was started March 25, 1918. The 
present plan is to make the excavation and build about 44 feet of the 
south end of the chamber without removing the mains within this 
area. The reason for this procedure is that the ground-water level 
varies with the stage of the Mississippi River, and should the river 
rise above 20 feet on the St. Louis gauge it would be impracticable, 
if not impossible, to unwater the completed excavation without in- 
curring heavy expense. Another reason is a possibility of not being 
able to get all of the castings for the manifold before the demand on 
the pumping reaches a high point. As a matter of safety it was 
thought best not to cripple this pumping station by removing any 
part of the old mains until it was certain there would be no delay in 
immediately rebuilding the new permanent mains. The second step 
involves the removal of the old mains in the next section of 24 feet 
and building the chamber and manifold complete for this distance. 
The third step will involve the removal of the two north mains and 
the construction of the remainder of the chamber and manifold. 
Temporary connection may be made from no. 6 pump to the com- 
pleted portion of the manifold, before the last step in the construc- 
tion is started, should the demand on the station at the time warrant 
it being done. 

As simple as the construction appears from the description given, 
the work is viewed by the Engineering Department as a difficult 
operation, due chiefly to the soft treacherous ground which must 
support the adjacent 36-inch cast iron mains under working pressure 
while the excavation is being made and the reinforced concrete mani- 
fold chamber is under construction. 


: 
f 
4 
i 
{ 
j 
: 


292 Cc. M. DAILY 


The excavation is being made with a clam shell. The material is 
dumped into flat cars and transported by electric cars to points on 
the Water Works property where a fill is required, and unloaded by 
hand. The excavation is lined solidly with 2-inch lumber and braced 
across the pit. The mains encountered in the excavation are sup- 
ported by columns changed from time to time in order to keep their 
footings well below the bottom of the excavation. The ground water 
is removed by a 4-inch pulsometer. So far very little trouble has 
been experienced in the construction, The work is being done by 
employees of the Water Department under the author’s direction, Mr. 
John Allgeyer acting as superintendent of the work. 

The estimated cost of the work is $74,000, divided among the vari- 
ous items entering into its construction as follows: 


Cast iron pipe, fittings, valves, etc. .................0005 $49,620.00 
12 inch cast iron drains 
Excavation, shoring, pumping, bracing and back-fill 2000 
cubic feet at $2.00 
Concrete, 615 cubie yards at $12.75 
Removing mains, relaying and connecting manifold 
Miscellaneous work, 10 per cent 


$74,000 .00 
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THE NEW 110-MILLION GALLON PUMP AT THE CHAIN OF 
ROCKS, ST. LOUIS 


By L. A. Day 


In order to meet an increased demand for pumping capacity at the 
low-service pumping station of the city of St. Louis, a contract was 
awarded for a new turbine-driven centrifugal pump having a maxi- 
mum capacity of 110,000,000 gallons per twenty-four hours. This 
will bring the total capacity of this station up to 290,000,000 gallons 
per twenty-four hours, which will be adequate for some time to come. 
The new pump will be located in the center pit, there being three pits 
in all. There are at present two 30,000,000 gallon turbine-driven 
pumps in this pit. Room was made for the 60-inch suction valve on 
this pump by channeling off 3 feet of the ledge on the east side of the 
pit for its entire length north and south. This also provides enough 
room in the pit for the location of the necessary auxiliaries used in 
connection with the new pump. The ledge was cut from solid lime- 
stone. It was also necessary to tunnel a 60-inch suction line through 
the limestone for a distance of 40 feet to the suction well which is 
common to all engines in this station. In addition to the 60-inch 
suction valve which is located within the pit, stop logs are provided 
in the wet well for making repairs on the suction valve if needed. 
The operating floor of the pump pit is 12 feet above the bottom. An 
automatic push-button electric elevator is used to reach the turbine 
operating floor from the ground level of the pumping station, which is 
45 feet above. The pump will be required to operate under varying 
heads as the river rises or falls. The average total discharge head will 
be 60 feet with a minimum of 45 feet and a maximum of 65 feet. 

The discharge pipe will be 60 inch diameter and will drop below the 
floor and then rise vertically, paralleling the west pit wall. The pipe 
will be enlarged to 72 inches from a flanged Y, which is 60 inches by 
72 inches by 42 inches, due to the north 30,000,000 centrifugal pump 
discharging its water through the same pipe. The new unit will be 
provided with a 60-inch hydraulically operated discharge valve close 
to the Y and the old unit with a 42-inch hydraulically operated valve 
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close up to the 45 degree leg of the Y. The 72-inch line will be ex- 
tended to the delivery well, which is a common discharge well for all 
pumps in this station. A 72-inch cast iron Venturi meter tube with 
a 36-inch throat diameter, the largest cast iron Venturi tube ever 
built, will be installed just outside of the pumping station. 

The pump will deliver from 80,000,000 to 110,000,000 gallons in 
twenty-four hours against any head varying from 45 to 65 feet. This 
range of flexibility could not be met entirely with governor adjust- 
ment, but will be obtained by opening or closing hand operated valves 
on the turbine; the speed of the unit thus obtained will be further 
controlled by an automatic governor. This governor will be of the 
oil relay type, designed to permit of adjustment while the unit is in 
operation to any point within the required range of speed, and after 
being adjusted will maintain the required speed within 2 per cent 
variation above or below. 

The maximum brake horse power of the turbine will be 1550 and 
the maximum water horse power required, including all pipe friction, 
will be 1250; the speed of the turbine under these conditions will be 
3717 r.p.m. When the pump is delivering 80,000,000 gallons of 
water in twenty-four hours under a total head of 45 feet the turbine 
will run at 2946 r.p.m. The pump speed will be lowered by means 
of reduction gears to 352 r.p.m. when delivering 110,000,000 gal- 
lons under 65-feet head, and to 279 r.p.m. when delivering 80,000,- 
000 gallons under a 45-foot head. The guaranteed pump efficiency 
will be slightly above 80 per cent under all of the specified head and 
capacity conditions. The suction and discharge openings to the pump 
will be 48 inches and the 60-inch suction and discharge piping will be 
gradually reduced near the pumps to this diameter. 

The turbine is of the multistage impulse type and will operate with 
_ 125 pounds gage pressure and 75° superheat. Provision will be made 
for bleeding 1500 pounds of steam from one of the low-pressure stages 
for heating feed water. Bleeding this amount of steam will increase the 
B.t.u. duty of the unit approximately 3 per cent. The bleeder outlet 
will be provided with an automatic valve set to carry a pressure of 5 
pounds gage on the exhaust line at all times. The dry vacuum pump 
is of the horizontal crank-and-flywheel type designed to operate at a 
speed not to exceed 115 r.p.m. The condensate pump will be tur- 
bine-driven, connected to a centrifugal pump by means of reduction 
gears. The circulating pump will be direct connected to the main unit 
shaft, and will take its water from the 60-inch suction; after passing 
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through the condenser the water will be discharged back into the main 
suction pipe. The condenser will be of the water-tube type placed 
directly under the turbine. Water for circulating purposes only will 
pass through the condenser, as an excessive amount of friction would 
have been obtained by passing all of the water pumped by the unit 
through the condenser, this being the usual water works practice. In 
order to derive as much heat as possible out of the exhaust steam 
going to the condenser a primary heater will be placed in the conden- 
ser and all the condensate from the condenser will be pumped through 
this heater before going to the hot well or open feed-water heater. 
The total condenser surface will be 2825 square feet of seamless 
drawn brass tubes No. 18 B.W.G., 1 inch in diameter and 12 feet long. 
The unit was bought on the bidder’s guarantees of duty per mil- 
lion B. t.u. consumed by the unit, including auxiliaries and bled steam, 
with the provision that the total amount of exhaust steam from the 
auxiliaries, plus the steam bled from the unit, should not exceed 2200 
pounds per hour. 
The successful bidder’s guarantees were as follows: 


100,000,000 
80,000,000 Gatton | 110,000,000 GaLLoNn 


45 | 60| 65 45 | 60 65 | 45) 60 65 
50° circulating water.........  |113.75}115 |114/120.75)121.5 
80° circulating water......... 101.5) 108 .50/109. 5) 107/113 .50)114.0 


The average duty for all of these conditions is 114,562,000 foot- 
pounds per million B.t.u.’s. which is equivalent to a duty of 134,000,- 
000 foot-pounds per 1000 pounds of steam. 

Attention is called to the fact that different duties are obtained 
with different temperatures of circulating water. This is due to the 
fact that if the turbine is designed properly, better economies will be 
obtained with low circulating-water temperatures, owing to an in- 
creased vacuum. The average circulating water temperatures for 
this station throughout the year are 50° for the winter and 80° for the 
summer. In order to compare bids on this unit the following infor- 
mation was embodied in the specifications: 


One million foot pounds of duty will be valued at $2000. That is, if 
bidder A guarantees 5,000,000 foot pounds higher duty than bidder B, $10,000 
will be added to B’s bid for comparison with A’s bid. 
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Bidders were instructed to submit curves showing duties guaran- 
teed when pumping 80,000,000, 100,000,000 and 110,000,000 gallons 
with circulating water temperatures of 50° and 80° and heads of 45, 
60 and 65 feet. 

During four-fifths of the time each year the pump operates, it is 
estimated that it will be called on to deliver from 80,000,000 to 110,- 
000,000 gallons under heads varying between 60 and 65 feet. During 
the remaining one-fifth of the year, it is assumed this pump will 
deliver from 80,000,000 to 110,000,000 gallons under a 45 foot head. 
It was further assumed that the unit will deliver 100,000,000 gallons 
for one half of each year under all head conditions and the remaining 
half it will deliver either 80,000,000 or 110,000,000 gallons in equal 
parts. 

The process may be represented diagrammatically as follows: 


100,000,000 gallons daily 
Duty at 50° + Duty at 80° 


2 


80,000,000 gallons daily 
Duty at 50° + Duty at 80° 
2 


110,000,000 gallons daily 


Duty at 50° + Duty at 80° 


2 


2x Duty A+ Duty B + Duty C 


Resultant Duty = ri 


3, 
: 5) Sum 
Duty A 
5) Sum 
5 Duty B 
5) Sum 
Duty C 
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All of the above conditions must be verified by complete shop tests 
before the unit is shipped. These shop tests must be on the turbine, 
gears and pump assembled complete. The shop tests must show 
duties at least those guaranteed by the contractor and checked by the 
city’s representatives. 

After the unit is installed it will be subjected to an endurance test 
of ten days of twenty-four hours each. A station duty test will then 
be made as a check on the shop duty test, the station test to be con- 
ducted entirely in accordance with recommendations iaid down in the 
latest A.S.M.E code for testing steam driven pumping machinery. 
The capacity will be measured with a Venturi meter. 

The physical data of the unit and auxiliaries is xs follows: 


Turbine 


DeLaval 


Brake horse power of turbine.......... Normal 1300, maximum 1550 
Number and diameter of rotors.................. 4—27% in.; 9—24 in. 
Revolutions pe* minute under maximum conditions............. 3720 
Method of speed control.......... Jahn’s governor through oil relay 
Percentage of speed obtainable above and below normal by governor 

Percentage of speed obtainable above and below normal by hand- 

regulated nozzle............ Approximately 6 above and 20 below 
Net weight of turbine without bedplate, pounds.............. 24,000 
Diameter and length of bearings, inches............... sae 44x14 
Diameter of shaft in rotor, inches.....................0e0eeee 10 
Diameter of steam admission, inches......................... 6 


Diameter of steam exhaust, inches....................0000005 


Reduction gear 


Net weight of reduction gear complete without bedplate, pound, 32,000 


Diameter of driven gear, inches.....................20eeeeees 63.4 
Width of face of gear in pinion, inches....................... 294 


Tooth pressure per inch, face of gear and pinion, when pump is de- 
livering 110,000,000 gallon per day at 65 foot head pounds 300 


45 
Mechanical efficiency of gear, per 98 


Horse power consumed by gear under maximum conditions... 


| 
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Pump 


Net weight of pump without bedplate, pounds 

Net weight of bedplate for complete unit, pounds 

Diameter of impellers, inches 

Diameter of shaft at impeller, inches 8 
Diameter and length of bearings, inches.... One 6} x 18, one 5} x 18 
Length of shaft between bearings, feet 

Revolutions per minute, maximum 

Diameter of water suction, inches 


Condenser 


Condensing surface, square feet 
Diameter of tubes, inches 

Gage of tubes 

Length of tubes, feet 

Number of steam passes 

Number of water passes 

Size of exhaust-steam inlet, inches 
Net weight of condenser, pounds 
Diameter of condenser shell, feet 
Length of shell, feet 


Revolutions per minute 

Size of inlet, inches 

Size of outlet, inches 

Method of driving air pump 

Weight of air pump complete, pounds 


Condensate pump 
Size of pump, inches 
Revolutions per minute 
Size of inlet, inches 
Size of outlet, inches 


298 
Diameter of water discharge, inches......................04. 48 
: Efficiency of pump, per cent (for normal conditions)......... 81 
: 36 
Air pump 
steam cylinders 


SOME PHASES OF WORK IN THE DISTRIBUTION SECTION 
OF THE WATER DIVISION, ST. LOUIS 


By W. A. FoLey 


There are several distinct features of the St. Louis distribution 
system which do not usually obtain in other municipalities; princi- 
pal among these may be mentioned the two distinct distributing 
systems called the high and low. The topography of St. Louis is 
such that the city maintains these two systems, the first termed high 
at 125-pounds pressure, the second termed low at 85-pounds pressure. 

The low system comprises about 67 per cent of the pipe mileage, 
and ranges in size from 3-inch to 48-inch, amounting to 680 miles, 
supplying approximately 35.4 square miles of area. This system 
supplies certain districts where the elevation does not exceed 100 
feet above the city datum. It was installed before the confining 
limits of the city were extended, when the city proper was located on 
the table land adjacent to the river. 

As the city growth pushed forward it was essential that the out- 
lying districts be supplied with an adequate volume and pressure, 
and the topography of the land was such that an increased pressure 
system with high duty pumps had to be installed to meet the demand. 
The high-pressure district now comprising 330 miles of pipe was de- 
cided upon. This system supplies districts in which the elevation 
exceeds the city datum by more than 100 feet, and is equal in area 
to 26 square miles. The two systems are separate and distinct, 
although there is contiguity in all the mileage, the pipe system being 
laid out on the gridiron theory. Each is maintained separate and in- 
dependent of the other by means of valves, which close off one system 
from the other, thus maintaining the independent pressures. The 
valves are termed separation valves, being kept closed and tabbed 
with metallic disks showing the number of each valve and indicative 
of the valve being shut. In the event a metallic disk is not readily 
available the cap-nut of the valve is reversed or inverted, which is 
also indicative of a separation valve. 

These valves are not opened except when necessity arises, and in 
this event the high pressure is allowed to bleed into the low system 
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during the period the occasion demands. They are also opened dur- 
ing the semi-annual inspection of valves, which occurs in May and 
November, when all valves in the two systems are examined and 
worked to insure their thorough fitness for any subsequent operation, 
or as a relief to the crowding of the high service pumps, which occurs 
during the night, when a few separation valves are opened to relieve 
the load. 

Many of the consumers are so fortunately located that either high 
or low service is available for domestic supply. The low-pressure 
extremes range from 30 to 85 pounds, and the high-pressure from 40 
to 125 pounds. The business section of St. Louis, being the oldest, 
is supplied by the low pressure system, but ordinarily good pressure 
is obtained, the average for the commercial district, which comprises 
483 city blocks or 24 square miles area, being 45 pounds. 

Another feature of the St. Louis distribution system is a 36-inch _ 
lock-bar steel main in 30-feet lengths with riveted joints, 26,700 feet 
in length, which crosses the heart of the city, and acts as a carrier for 
either high or low-service feed. This feeder has its origin in the cen- 
tral pumping station and can be operated from an 85-pound head with 
a delivery of 750,000 gallons per hour, or from an 125-pound head 
with a delivery of approximately 1,000,000 gallons per hour. The 
change in this trunk line from high to low service is effected by the 
operation of a few hand-operated valves immediately in front of the 
engine house and two hydraulically operated valves at the terminus of 
the steel main, practically 5 miles distant, where it is breeched into 
both systems by means of a Y connection. In times of emergency 
or excessive draught, this feeder serves as a reserve or reinforcement 
of either system. Many other communities accomplish practically 
the same purpose by speeding up pumps in times of fire, but the St. 
Louis steel line was designed with the purpose in view of acting as a 
composite carrier on either system, as the need arose. 

The essential necessity of present-day distribution is conservative 
despatch. Mechanical appliances to supplant slow hand labor and 
the execution of repair work with speed are the chief features of dis- 
tribution work. Although all water distribution departments have 
features in common, with reference to the general work, yet each 
individual system has some little appliance or method of repair 
which is a special feature of that particular system. 

Portable pumps driven by air or gas, such as Los Angeles has in 
service, trench filling by cable drag or auto slip, have been employed 
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in St. Louis, not by the exact method employed by other communities, 
but by methods which prove more feasible here. During the winter, 
when frozen soil conditions make the excavation for repairs of broken 
mains excessive in cost, the St. Louis Department has found it prac- 
ticable to use a blast pan, such as is employed by street repair gangs 
in asphalt surfacing. This proves an effective method of dissipating 
the frost and expediates the work of excavation, consequently effect- 
ing a saving of both time and labor. In the repair of mains 15 inches 
in diameter and larger where such repairs necessitate the employ- 
ment of a sleeve, the department finds it expedient to employ what is 
known as a sleeve-spacer. This simple device is the idea of a local 
street service foreman, and has proved of great value in such work. 
The spacer is a sort of turn-buckle affair, which is slipped into posi- 
tion and tightened, so as to prevent movement of pipe when the 
sleeve is slipped into place, but it serves an ideal purpose in spacing 
the sleeve so that an even joint can be run around the pipe circum- 
ference. Usually four of these spacers are employed in the repair of 
mains 30 inches in diameter and larger. This device is worthy of 
adoption, especially where repairs are made in close proximity to a 
valve and its subsequent closing with its large pressure surface may 
cause a creeping of pipe at the space where sleeve has been employed. 

Constant attention to every detail is becoming absolutely essential 
for the maintenance of a modern pipe system. Air patrols to release 
air pockets, constant overhauling of valves and other appurtenances, 
and absolute attention are the prices demanded in a modern system. 
Conservation of water by the insertion of valves, so that no great loss 
of water will result from the scarcity of these necessary valves when 
shuts are enforced on a distributing system through broken mains, 
is essential. In St. Louis the practice of lengthy shuts for repairs 
was common until five years ago. These shuts are generally made 
in a residential district, and the inconveniences are many. Not only 
does the application of frequent valves mean a conservation of water, 
but it means inconvenience for fewer consumers, and the convenience 
of the consumer is the essential feature in water distribution. 

Not only does the city of St. Louis study and apply all principles 
which tend to the betterment of the system, but the department main- 
tains an intelligence bureau holding school for one week’s duration 
twice per year. At these school sessions all employes of the distri- 
bution system attend, especially the newcomers, who are fully initi- 
ated in the art of cutting pipe, yarning and pouring joints, caulking, 
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assembling hydrants and valves, rigging derricks, the use and names 
of various tools, and all other little details with which all distribution 
employes should be familiar. These sessions are generally attended 
by department engineers, and often the exchange of ideas proves as 
beneficial to the superiors as to the subordinates. The professor in 
charge is generally a graduate of the ditch, who has advanced step 
by step in the service, and is capable of showing the principle by 
actual demonstration. By teaching the employes the use of tools 
and allowing them to do the actual work in these practice sessions, 
the department has always on hand an adequate corps of capable 
men who can assume the different positions without crippling the 
service when the occasion demands. All large cities should adopt 
the idea as it familiarizes the employes with the different methods 
and use of tools, which proves of inestimable value to the department 
when “trouble-time”’ arrives. 


REPORT OF COMMITTEE ON WAR BURDENS OF WATER 
WORKS IN THE UNITED STATES 


The Executive Committee of the American Water Works Asso- 
ciation undertook to collect, for presentation before the annual con- 
vention of the Association, at St. Louis, May 13-16, 1918, informa- 
tion concerning the effect of war conditions upon the construction, 
operation and maintenance of water works in the United States. 
Replies to its call for information were received from about fifty 
municipally and corporately owned water works plants in the U. S. 
It was impossible to prepare this material in useful comparative 
form for presentation to the convention. A committee was there- 
fore appointed to do this, which now presents its report. 


GENERAL FINANCIAL CONDITIONS FACED BY WATER WORKS 


Water works have suffered large increase in construction, opera- 
tion and maintenance costs, due to war conditions. Marked de- 
cline in net revenue has resulted. 

These conditions began to be generally felt late in 1916, but it 
was not until the latter part of 1917 that they became serious. 
Water works employees were true to their tasks; the desirability and 
continuity of their employment tended to stay the advance in their 
wages, which lagged behind the general advance in wages paid to 
labor, by a period of eighteen months, more or less. Men working 
in contractors’ forces, in munitions and allied works, had long en- 
joyed very substantial, and in some war industries, abnormal in- 
crease in wages, before the increase came to water works employees. 

But the advance in labor cost to American water works has gath- 
ered force in the last six months, and it is the general opinion of 
municipal and corporate managers that additional increases are cer- 
tain to come during 1918 and thereafter, if labor is to be held. It is 
certainly undesirable to replace old well-trained forces, familiar 
with these properties, with other labor not having this familiarity, 
in the effort to hold the wages at a point below the general local 
standard for similar service. The character of the service would 
suffer. Serious and conscientious effort has been made by water 
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works operators generally, to reduce construction and operating 
forces and expenses to a minimum. These reductions have in 
many cases gone beyond desirable limits, even to reducing the 
working efficiency of the properties. 

The general situation is a very serious one, from the point of view 
of the public, and an anxious one for the managers of water works. 
Already it has shown itself in increasing difficulty, and in many 
cases impossibility, of attracting capital to water works for neces- 
sary betterments. Moreover, it is inevitable that the Capital Issues 
Board will scrutinize more and more closely the diversion of funds 
to water works needs, particularly where those needs are not in- 
volved by governmental activities. 

Pressure will doubtless be brought to bear to force communities 
to husband their water supplies, by reducing waste, leakage, and 
even unnecessary consumption, in order to curtail unnecessary in- 
vestment in plant thus made necessary. No doubt, here as abroad, 
there may come a time when the smaller works will be unable to 
extend their service during the duration of the war, unless govern- 
ment needs be concerned, but it would be most unfortunate if the 
activities of an important city or of communities with manifold 
industrial and commercial industries were to be thus circumscribed. 

The menace of the situation lies in the increasing difficulty, un- 
der such conditions, of maintaining constantly a water service, safe 
from a sanitary standpoint, necessary for good fire protection serv- 
ice, and adequate to industrial, commercial and domestic needs. 

It appears clear that average pre-war prices will never again be 
realized and that the purchasing power of money has declined per- 
manently the world over, as a result of the war, and will never be 
fully recovered. Present prices, which on most water works materials 
are double pre-war prices, and on labor 25 to 50 per cent greater, 
will probably not hold permanently after the war. Nevertheless, 
the old prices will not return as a whole. 

The difficulty of the situation faced by utility properties in this 
country was clearly indicated in a letter addressed by the Secre- 
tary of the Treasury, Mr. McAdoo, to the President, on February 
15, 1918, transmitting several memoranda prepared by committees 
of the American Electric Railway Association, The National Electric 
Light Association, the American Gas Institute and the National 
Commercial Gas Association, in which he called attention to the 
existence of genuine apprehension regarding the adequacy, under 


I 


WAR BURDENS OF WATER WORKS IN UNITED STATES 305 


present conditions, of the service and rates of local public utilities; 
that increased wages and high costs of essential materials and sup- 
plies have affected them, as they have affected everybody else; and 
that united effort will be necessary in order to meet alike the re- 
quirements of public service, and the corporate financial needs upon 
which that service depends. Concluding his letter to the President, 
the Secretary said: 


I earnestly hope that you may feel justified in expressing the conviction 
that the vital part which the Public Utilities Companies represent in the 
life and war-making energy of the nation, ought to receive fair and just 
recognition by state and local authorities. 


President Wilson in his reply to Secretary McAdoo, dated Febru- 
ary 19, 1918, said: 


It is essential that these utilities should be maintained at their maximum 
efficiency, and that everything reasonably possible should be done with that 
end in view. I hope that the state and the local authorities, where they 
have not already done so, will, when the facts are properly laid before them, 
respond promptly to the necessities of the situation. 


Public Utility Commissions and other similar regulatory bodies 
n the United States have already shown their appreciation of the 
serious nature of the conditions confronting public utility proper- 
ties, by granting increases in rates or the levying of surcharges on 
existing rate schedules in many cases, after careful review of the 
local conditions. 

Valuation under present conditions is a very difficult, laborious 
and time-consuming task, and in view of the heavy burden of ad- 
ditional work under which these commissions are laboring, it is 
reasonable to believe that prompter consideration can be had by 
petitioning for relief, rather than for revaluation of property as 
a basis for change in rates. 

How far these commissions will attempt to maintain the stand- 
ard, heretofore avowed by them, of taking prompt action, to the 
end of reducing the unfair burdens of the people on the one hand 
and the hazard of investment and operation on the other, cannot 
now be determined. They may take the position that a portion of 
the abnormal expense, due to war conditions, must be borne by the 
works and a portion by the public, but in any event, it appears 
likely that they will not be insensible to pleas fairly directed toward 
the maintenance of corporate credit, and will recognize clearly that 
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it is not to the interest of the public to permit conditions which may 
destroy credit, and that credit seriously impaired or once destroyed 
cannot be re-established readily. 

It was urged upon the members of the Association at the St. 
Louis convention, that the effort should be made to maintain oper- 
ating efficiency, and that careful record should be made of change 
in cost of construction and operating materials and labor, so that 
if it should become necessary to make applications for advance in 
rates, on the part of either the municipally or the corporately owned 
works, the facts upon which the regulatory bodies could base sound 
judgment could be well established. 

The following record of replies received from various municipally 
and corporately owned properties in this country, is submitted in 
tabular and graphical form, as evidence of the rapid change in con- 
ditions facing water works in this country from the years 1914 and 
1915, which reflect the pre-war conditions, to the early part of the 
year 1918. All evidence points to yet more trying conditions for 
the future. 


CONSTRUCTION LABOR AND MATERIAL COSTS 


Advance in labor costs. Figure 1 shows the advance in the yearly 
average cost in cents per hour of unskilled labor to 44 American 
water works, arranged in four local groups. These indicate an av- 
erage advance over pre-war prices prevailing in 1915 of 13 per cent 
in 1916 and 27 per cent in 1917, the fragmentary figures submitted 
for the opening of 1918 showing materially greater increase. It is 
important to note that comparison of past and present wage scales 
does not tell the whole story of increase in cost of labor to water 
works. Unfortunately, there has been marked decrease in efficiency. 
Your committee has made personal inquiry concerning this, within 
the last two months, from the managers of municipal as well as of 
corporate works, from the Pacific Coast to the East, and from the 
North to the South. In all cases, decrease in efficiency was re- 
ported. The estimates of percentage loss in efficiency, compara- 
ble with the efficiency of 1915 and prior thereto, varied from 20 
to 50 per cent. The concensus of opinion seemed to range between 
25 and 35 per cent. 

It thus appears that the loss in efficiency of labor is practically 
equal to its increase in wage. The full increase in cost of labor, 
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TABLE 1 


Unskilled labor costs—average during year in cents per hour. 
worke in the United States 


Paid by water 


POPULA- 
TION IN 
THOU- 
SANDS 


STATE 


1914 1915 


1916 


1917 


1918 


Western 


group 


California 575.0 
California 523.0 
Washington 350.0 
Oregon 275.7 
Colorado 213.4 
Kansas 67.8 
Iowa 27.1 


25-28 . 1|25-28 1/28. 1-31.3 
37.5 | 37.5 
7.5 | 37.5 37.5 
22.5} 22.5 22.5 
17.5 | 20.0 22.5 
25.0 | 25.0 25.0 


25.0 


31.3-34.4 


31.3-37.5 


50.0 
40.6 
35.0 


199.7 
28.5 


Michigan 
Indiana 
Illinois 
Wisconsin 
Indiana 
Indiana 
Wisconsin 
Wisconsin 
Wisconsin 
Indiana 
Indiana 


manos e Sag 
ow 


25.0 | 23.3 
15.0 | 25.0 
22.5 | 22.5 
20.0 | 20.0 
17.5 17.5 
22.5 | 22.5 
20.0} 20.0 
17.5 | 20.0 
17.5 | 20.0 
22.2 | 25.0 


Eastern 


Pennsylvania 
Massachusetts 745.1 
Pennsylvania 333.0 
Pennsylvania 150.0 
Massachusetts 110.0 
Connecticut 109.0 
New York 99.4 
Pennsylvania 40.4 
New York 


25.0 | 25.0 
19.7} 19.5 
18.0 | 22.5 
31.0} 31.0 
25.0} 25.0 
22.2 | 22.2 


25.0 


= 
N 
BER 
45 | 
46 | 
52 | | 
: 51 | | 87.5 
47 | | 30.0 
50 | 27.0 
48 30.0 
49 | Iowa | 14.0 | 20.0 | 20.0 | — 25.0 
Central group 
25 678.7 25.0| 28.0 | 36.0 
20 269.5} 20.0} 20.0| 22.0 24.0 25.0 
26 | 72.1 27.0 30.0 
2 31 | 30.0 35.0 
24 | 25.0 25.0 
21 22.5 20.0 
29 27.5 25.0 
: 28 | 24.2 28.5 32.5 
: 30 20.0 25.0 
22 | 25.0 22.5 
23 | 25.0 22.5 
27 | Ohio 27.7 30.0 
244.7 | 260.8 | 303.9 | 322.9 
croup 
15 | 
1 25.0 30.0 30.0 
. 18 21.1 24.5 
16 29.0 35.0 
: 4 31.0 24.0 
: 5 28.0 31.0 34.0 
: 10 
; 14 30.0 30.0 
: 9 MM) 25.0| 25-30 | 30.0 | 30.0 
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STATE 


POPULA- 


TION IN 
THOU- 
SANDS 


1914 | 1915 


1916 | 


1918 


Eastern group—Continued 


11 | Pennsylvania 

8 | New Hampshire 
19 | Pennsylvania 
13 | Pennsylvania 
12 | Pennsylvania 
17 | Pennsylvania 

7 | New Hampshire 

6 | Maine 

2 | Massachusetts 


26.6 


20.0; 22.2 
20.0 | 25.0 
20.0 | 21.0 
22.2 | 22.2 
17.5 | 18.5 
20.0} 21.0 
22.0 | 25.0 
20.0 | 20.0 
25.0 | 25.0 


30.8 | 


33.0 
37.0 


25.0 


827.6 | 345.1] 400.1 | 456.3 
Southern group 
41 | Missouri 740.0 25.0 25.0 25.0 32.5 
37 | Louisiana 372.0 f 
32 | Alabama 174.1 15.0 16.5 18.0 22.5 
40 | Missouri 84.0; 19.0} 17.5 18.5 20.0 
34 | Florida 62.6 
42 | Tennessee 68.6] 13.5] 13.5 20.0 20.0 
33 | Arkansas 55.2 15.0 15.0 20.0 27.5 
43 | West Virginia 43.6} 17.5] 17.5 20.0 25.0 
43 | Virginia 38.6 12.2 15.0 20.0 25.0 
35 | Kentucky 35.0 20.0 | 20.0 22.5 25.0 25.0 
38 | Missouri 33.0] 19.5] 19.0 20.0 25.0 
Kentucky 7.8 | 20.0] 20.0 22.0 22.0 
176.7 | 179.0 | 206.0 


table 


Unskilled labor costs—information received too late to be included in the original 


REFERENCE NUMBER 


GROUP 


POPULA- 
TION IN 
1914 


SANDS 


1915 


1916 


1917 


1918 


New York City 
3 
10 
20 
34 


Eastern 
Eastern 
Eastern 
Central 
Southern 


5,359. 
16.8 
111.0 
289.0 
68.8 


20.7 
19.3 
20.0 


20.0 
17.5 
20.0 


25.0 
25.9 
22.0 


30.0 
26.7 
24.0 


25.0 


— | | 

BER | 
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| 4.9 | 25-30 | 30-37.5 
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due to the combined effect of loss in wages and loss of efficiency, is 
approximately 50 per cent in excess of the pre-war costs and nearly 
as much over those of 1916. 


T 


Note ,-Thattn this no fas been 
giver to the very serious loss \in comparative 
effichency. of the labor of speal:. 
The cost per hopr has therefore 
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three years than Is shown. ; 
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Fig. 2. Lasor Costs per Man-Hoor Patp sy AMERICAN WATER-WORKS, 
BASED UPON THE ACTUAL AVERAGE Cost PER Man-Hour oF A GANG OF 
50 Men Compristnc ForEMAN, SUBFOREMAN, 4 CALKERS, 6 Pipe LayYErs, 
BLACKSMITH AND 37 LABORERS. 


Similar data were gathered by one of the members of this com- 
mittee at a slightly earlier date, with reference to the advance of 
labor costs in different parts of this country. 

In figure 2, data relating to the central and eastern works were 
based upon the actual construction gangs used by the works referred 
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to; the data relating to the western works were based upon the 


normal gang, or gangs, totalling 50 men. 


Similar information to 


that relating to the eastern works was included with reference to the 
average cost of labor in all departments of the Spring Valley Water 


Company. 


TABLE 3 


Increase in cost of water works, cast iron pipe 6 inches and larger 


| 
z 
| 
STATE | 1914 1915 1916 | 1917 | 1918 
| 
} 
Eastern group 
4 Massachusetts |110.0| $22.13 | $20.30 | $27.10 | $38.39 
5 Connecticut 110.0} 22.60! 21.70 | 31.00 59.00; $57.00 
6 Maine 4.6} 24.55t| 26.78T 
7 New Hampshire | 4.9) 21.50+ 34.937 
8 New Hampshire} 26.0) 24.95 | 23.86 | 30.73 | 32.34 
9 New York 36.9} 22.40} 21.52} 29.50} 55.10, 54.70 
19 Pennsylvania | 18.9} 24.10] 23.10] 26.20 | 44.10 56.25 
New York | New York ° 21.20 | 23.20} 31.60 | 55.40 
Boston Massachusetts 21.10} 17.05} 29.15 45.18 
ts donee 158.48 | 150.73 | 205.28 | 329.51 167.95 
22.63 | 21.52 | 29.35) 47.10 
Central group 
25 Michigan 678.7| 23.45 | 23.45 | 30.50] 30.50 
28 Wisconsin 10.9} 25.40 | 29.30 (t) 59. 
Chicago Illinois 24.10 | 24.50] 31.80) 54. 
| 
72.95 | 77.25 | 62.30) 144.7 
Sub-averages.............. 24.32) 25.75] 31.15; 48. 
Southern group 
35 Kentucky 35.0} 23.15 | 22.70| 29.70) 56. 
37 Louisiana 372.0} 21.00; 22.50) 22.50; 56. 53.00 
41 Missouri 740.0; 22.60 22.85] 29.95; 62. 
Birmingham | Alabama 18.80} 19.00} 26.10;| 48. 
21.39 | 21.76 | 27.06) 55.7 
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TABLE 3—Continued 


REFERENCE 


WONDER 1917 1918 


STATE 1914 1915 1916 


POPULATION IN 
THOUSANDS 


Western 


45 California 575.0 62.20 
47 Colorado 213.4; 30.00; 30.00} 36.75) 63.75 63.00 
51 Oregon 275.7) 30.21 | 29.48] 33.95! 45.27] 63.50 
52 Washington 350.0} 30.75t 67.50 


San Francisco | California 


60 . 20, 


Grand totals (18 works)............. 44 |$928.73 


Per cent of increase over 1915 costs .................. . 112.9 


Data received too late to include in above table 


New York | New Yorkt..... 5,468.0 | $20.45 | $22.22 | $31.14 | $52.48 
3 Massachusetts 22.65 |} 23.55 


10 New York 22.04 | 21.62 : ; 
20 Indiana 21.65 | 21.388} 25.58| 45.88 54.78 
34 Florida 22.74 22.28 28.42 51.40 
46 California 31.30 | 31.30 


* Market price given in Iron Age. 
t Omitted from totals and averages. 
t Department of Water Supply, Gas and Electricity. — 


The labor costs involved in maintenance and operation are cov- 
ered in the discussion upon the increase in cost of operation and 
maintenance of water works. 

Advance in cost of cast iron pipe. The increase in cost of cast 
iron pipe of 6-inch and larger diameter, reported to the Committee, 
is indicated in table 3, which shows an increase in prices over those 
of 1915 of 26.7 per cent in 1916, and 112.9 per cent in 1917. The 
corresponding figures for 1918 are too fragmentary for averaging, but 
indicate a slightly smaller increase over 1915 than did the 1917 
figures, by reason of the stabilizing effect of governmental control. 
The difference is nearly negligible, however. 


croup 
31.30 | 31.30 36.90 | 
: Totals 20 
Sub-a | 
| bought | bought; 
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Table 4 shows similar data, obtained by C. C. Cray, purchasing 
agent of the Indianapolis Water Company, from Chicago, Colum- 
bus, Cincinnati, St. Louis, Terre Haute, Evansville, and for New 
York City and other cities, which were unfortunately received too 
late for inclusion in the unit figures and averages shown in table 3. 

Advance in cost of valves and hydrants. The increase in cost of 
6-inch valves to eleven water works, in different parts of the country, 
is indicated in table 5. It shows an advance in price of 13.1 per 


TABLE 4 
Prices paid for cast iron pipe in seven cities, f.0.b. destination, tons of 2000 lbs. 


1915 1916 1917 1918 
Sse se 2 
Chicago, Ill...........| 27,765 |$21.86| 20,681 |$27.54) 15,255 |$34.95 
Columbus, O..........| 2,606} 21.50} 950} 30.51) 1,238 | 43.23 
Cincinnati, O......... 8,500 | 22.37) 4,592) 27.71) 1,179 | 41.26 
St. Louis, Mo.........| 2,626} 22.93) 1,764| 29.95) 998) 62.00 
Terre Haute, Ind..... 47 | 21.28} 357) 29.59 37 | 54.35 
Evansville, Ind....... 801 | 21.00} 1,152] 25.52) 676) 38.25 
Weighted average of 6 
21.82 28 .47 45 .67 
Indianapolis, Ind..... 2,150 | 21.38) 1,794} 25.58) 2,046} 45.88) 113/$54.78 


cent in 1916, 71 per cent in 1917, and approximately 107 per cent 
in 1918, all as compared with pre-war prices. 

Advance in cost of some other water works construction materia’s. 
In table 6 are shown data concerning the recent advance in cost 
of some other water works materials reported by C. C. Cray, pur- 
chasing agent of the Indianapolis Water Company; and in table 6a 
similar data reported by the Spring Valley Water Company of San 
Francisco. 


> 
“ 
3 
3 
| | | | | 
+ 
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TABLE 5 
Increase in cost of water works valves and hydrants 
| | THREE 


1914 1915 | 1916 | 1917 | monrus 
| or 1918 


6-inch valves 


Eastern group (5) 
Massachusetts...............| $10.2 $10.50 
Connecticut 10. 10.50 

11. 11.80 

Pennsylvania | ll. 11.40 

Pennsylvania................| 13. 13.30 


12.3: 12.35 
9.20 
Southern group 
Kentucky 12.50 
Western group 
California 7.618 
Colorado 


Grand Totals (11) 45.78°) 


Per eent of increase over 1915 : ; 107.6 


12-inch valves 


$31.00 | $31.00 $74.08 
44.65 | 36.55 60.20 


Grand totals (3) 134. 28°) 


Per cent of increase over 1915 ; 98.7 


2-way hydrants 


. Connecticut 

. New York 

. Pennsylvania 
. Louisiana 

. Missouri 


Totals (6) 114.64 
Average 53 .90f 


Per cent of increase over 1915 : , 102.0 
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. | $10.50 | $15.00 

| 11.50 | 20.00 | 24.28 
| 13.00} 16.50 

11.40 | 16.50 

13.30 | 17.75 | 21.50 
‘ Central group (2) 

| 14.50 | 26.50 

14.65 | 23.06 

12.50 | 16.50 

3 12.95 | 20.60 

| 10.501} 14.01 

| 14.20 | 24.00 

E 1 | $33.40 | $33.40 | $42.70 | $54.75 

2 | 26.70 | 26.50 | 28.00} 49.78 |$60.24 
3 | 31.75 | 31.75 | 43.50 | 42.00! 54.40 
: 4 | 24.00} 24.00] 24.00] 35.78 

5 | 20.00} 20.00] 21.65 | 35.10 

6 23.75 | 24.49] 26.40] 41.40 
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TABLE 5—Continued 


Data received too late to include in other table 


| | | THREE 
REFERENCE NUMBER 1914 | 1915 | 1916 1917 | MONTHS 
| or 1918 
6-inch valves 
Boston, Mass. 
New York, N.Y. | $11.30 | $13.65 | 22.83 | 
3 $9.00} 9.00 | 13.00 | None bought | ! 
10 11.25] 11.25 | 13.88 | 18.77 | 
20 | 21.65 | 21.38] 25.58 | 45.88 | $54.78 
34 22.74| 22.28| 28.42| 51.40 | 
46 


12-inch valves 


Boston, Mass. 
New York, N. Y. 


3 
10 $31.50 | $31. 
20 33 .00 33 .00 39 .33 52.50 | $63 .00 : 
34 


46 


2-way hydrants 


Boston, Mass. 
New York, N. Y. $24.77 | $31.15 $45.75 
3 $28.10 | 28.27 28.80 | None bought 
10 
20 34.00} 33.50] 39.44| 54.77 
34 32.00 28.10 | 51.40 
46 


Note:—For 1918, the average prices shown are for the first two or three 
months of the year only and are found by multiplying the 1917 average by 
the ratio of the sum of the items in 1918 to the sum of the corresponding items ’ 
in 1917. 
* Average of two items is $22.89. 

t Average of two items is $67.14. 
t Average of two items is $57.32. 


> 
— 
| 4 
| | | | | 
| | $36.40 | $58 . 33 
| 
| 
| 
| 
} 
| 
| 
i 


318 REPORT OF COMMITTEE ON 


TABLE 6 


Weighted average cost of construction materials to the Indianapolis Water Com- 
pany for 1915, 1916, 1917 and three months of 1918, and percentage 
increase over 1915 prices 


INCREASED 
1917 or 1918 
OVER 1915 


. Cast iron pipe............ 

. Cast iron fittings 

. Valves, 6-inch............ 

12-inch 

. Valve boxes 

. Hydrants—2-way and 
steamer 

. Corporation cocks, $-inch. 

. Stop boxes, 3-inch 

. Brick, common........... 

. Paving, common 

. Cement, Sacks ine........ 

. }-inch meters 

. }-inch meters 

. l-inch meter.............. 

. 2-inch meters............. 

. 38-inch meters............ 

. Lumber Y. P 

. Sand and gravel.......... 

. Reinforcing steel 


* Few purchases. 
t Quotations. 


| 1918 
ITEM UNIT 1915 1916 1917 THREE 
MONTHS 
per cent 
1 Ton {$21.38 |$25.58 |$45.88 [$54.78 | 156 
2 | 100 Ibs. | 2.502} 2.75 | 4.19 67 
3 | 100 Ibs. | 4.469] 6.555) 10.77 141 
4 | 100 lbs.| 6.50| 7.75 | 10.50 61 
5 | Each 11.25 | 13.88 | 18.77 67 
| Each | 33.00 | 39.33 | 52.50 | 63.00} 91 
6 | Each 1.60 | 2.03| 2.35| 2.72] 70 
7 
: | Each 33.50) 39.44 | 54.77 63 
8 | Each | 0.32 0.713 0.84] 162 
9 | Each 0.63 | 0.75] 0.91} 1.27] 101 
10 | 1000 8.00} 8.50] 10.50| 13.00} 62 
| 11 | 1000 35.00 
12 | Barrel 1.80} 1.959) 2.207; 3.00 66 
13 | Each 6.99 | 8.40*| 9.86 | 50 
14 | Each | 10.50 14.83 
: 15 | Each 14.00 19.50 
: 16 | Each 41.65 62.36 | 62.50+ 

17 | Each | 70.80 85.00 
| 18 |M 26.00 | 33.00 | 37.50 | 44.00| 69 
19 | Load 
20 | 100 Ibs. 2.55 | 3.15! 3.50] 4.00| 57 
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TABLE 6a 


Prices paid by the Spring Valley Water Company, San Francisco 
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MATERIAL 


PRICE NORMAL 


PRICE 
JANUARY, 1918 


PERCENT- 
AGE OF 
INCREASE 


OF INCREASE. 
WEIGHTED AVER- 


TOTAL PBRCENTAGE 


Oil, fuel, per barrel 

Oil, cylinder, per gallon 
Packing, flax, per pound 
Tubes, boiler, per foot 
Valves, rubber, per pound 
Waste, cotton, per pound 


Oil, dynamo, per gallon 
Waste, cotton, per pound 
Polish, metal, per gallon 


Cheese cloth, per yard 
Hay, per ton 
Copper sulphate, per hundred- 


Asphaltum, per ton 
Coal tar, per barrel 
Oakum, per bale 
Lumber, base 


Nails, per hundredweight.......... 


Paint, per gallon 

Paint, per gallon 
Lumber, base 

Nails, per hundredweight 
Paint, per gallon 


Meter parts 
Fittings, brass, per pound 


Fittings, galvanized............... 


Covers, meters, per pound 


Leather, per pound................ 


Picks, per dozen 


List less 
85% 

.034 
40 
6.50 


574 
List less 
65 and 10% 
.70 
12.75 


— 
| 
$1.45 | 106.0) 
53 86 36.5 | 
40 81 | 102.5 
70 90 | 28.5 
09 15 | 66.5) 
531 | 47.5 
09 15 | 66.5} | 50.0 
85 .90 6.0 
033 | 180.0 | 180.0 
| 18.00 30.00 | 66.5 | 66.5 ee 
10.75 | 95.5 | 95.5 
Paint, per gallon.................. 65 1.10 69.5 69.5 ; 
18.00 30.00 66.5 66.5 
17.60 | 40.0 
12.00 | 100.0 = 
24.00 | 92.0f | 
65 1.10 69.5 
65 1.10 69.5 
24.00 | 92.0} | 85.0 
4.70 | 100.0 
1.10 69.5 69.5 
20.0 
| 110.0; | 60.0 2 
| 78.5 
| | 96.0 
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TABLE 6 a—Concluded 


Rel 
< 
PERCENT- 
MATERIAL PRICE NORMAL AGE OF Oo 
JANUARY, 1918 LE z 
3,88 
a Bo 
SOR 


Shovels, per dozen................ 
Cutters, pipe, each................ 
Stocks and dies, each.............. 


Pipe, cast iron, per ton............ 
Fittings, cast iron, per pound..... 
Lead, pig, per pound.............. 
Shovels, per dozen................ 
Bars, crow, per pound............. 


Fittings, brass, per pound......... 
Fittings, galvanized............... 


Pipe, galvanized, per cubic foot... 
Pipe, lead, per hundredweight..... 
Shovels, per dozen................ 
Cutters, pipe, each................ 
Stocks and dies, each............. 
Leather, per pound................ 


Hardware, builders’ 
Shellac, per gallon................ 
Janitor’s supplies................. 


Lumber, per base.................. 
Nails, per hundredweight.......... 
Fencing, per hundredweight....... 


.35 
List less 


85% 
4.50 


.07 
12 
13.00 
12.75 
18.60 
.10 


List less 

65 and 10% 
10.05 


3.20 


4.70 
5.55 


70.0 


87.5 
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11.00 18.50 68.0) 
1.50 2.75 83.5 
: 5.00 8.00 60.0 0.0 
1.50 | 100.0 
‘ 35.00 62.00 | 76.5 
034 78.5 
043 65.0 
.06 100.0 
10.00 30.0 
6.50 96.0 
11.00 68.0 
04 150.0 
110.0 
124.0 
: | 10.75 65.5 
| 12.75 | 96.0) | 
i | 18.50 68.0 
2.75 83.5 
: | 8.00 | 60.0 
= 1.50 | 100.0 
.70 75.0 
40.0 
50.0 40.0 
33.0 
40.0 
| 50.0 
33.0 
| 50.0 
| 1.28 mm 
50.0 
12.50 24.00 92.0 
2.35 100.0 
2.65 109.5 80.0 
65 1.10 69.5 
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ADVANCE IN COST OF OPERATING SUPPLIES 


Turning now to important typical operating supplies, such as 
coal and alum, yet greater increase in price has taken place. 

Coal. The prices paid for coal by 41 important water works, 
table 7, indicate an advance in prices in 1916, 1917 and early 1918, 
over those prevailing in 1915, of approximately 15, 74 and 117 per 
cent, respectively. It is interesting to note the variation in the 
different parts of the country. The East suffered in far greater 
measure than the South and the West; the Central States in like 
measure with the Southern and Western states in the years 1916 


Estimated Decline 
mn quality of Coa/ 


PerCend Increase of 
Coal Fer Millions Gallons, 
917-1919 over 19/6 


NED. Zo 
10 17.6 
44.8 
6% | 4.8 

20 5.5 


Million Gallons Pumped. 


~ 


= 


200 500 400 $00 600 700 800 
Million Gallons Pumped Monthly including compressed air well production 


Fic. 3. AND CoaL For 28 Montus ENpina ApRIL 30, 1918 


and 1917, and in greater measure than any of the other groups in 
1918. Incidentally, it may also be noted that the prices of fuel oil 
reported for one large plant in Louisiana and one in California show 
an advance in price in the opening of 1918 of approximately 150 
per cent over those prevailing in 1915. 

Unfortunately, in coal as in labor, the advance in unit prices does 
not reflect the entire increase in cost, inasmuch as decline in quality 
ofthe coal has been very generally observed. Effort was recently 
made to obtain exact information upon this subject by the Indi- 
anapolis Water Company through a study of the relative coalcon- 
sumption per million gallons of water pumped during the past two 
years, or thereabouts. The results of this study, shown in figure 3, 
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TABLE 8 


Increase in cost of alum 


| | 
1914 1915 | 1916 | 1917 


| 


REFER-| 

ENCE 

NUM- STATE | 
BER | 


6 | Maine 1.33 | 1.78 | 3.37 | 2.30 

7 | New Hampshire | 1.17 | 1.65 | 3.38 | 2.14 

11 | Pennsylvania 0.985 | 0.985 | 0.985 | 1.345 

12 | Pennsylvania 0.905 0.905) 0.905 | 1.26* 

13 | Pennsylvania 1.06 | 1.06 | 1.06 | 1.345 | 

14 | Pennsylvania 0.87 | 0.87 | 0.87 | 1.225 

16 | Pennsylvania 0.935 | 0.935 | 0.935 | 1.295 

17 | Pennsylvania 0.96 | 0.96 | 0.96 | 1.245 

19 | Pennsylvania | 1.025} 1.0 | 3.0 | 1.17f | 1.30 


Central group 


22 | Indiana | 0.96 | 0.96 | 0.96 | 1.28 
24 | Indiana | 0.93 | 0.93 | 0.93 | 1.28 
26 | Illinois | 091 | 0.91 | 0.91 | 1.216 
29 | Wisconsin 0.92 | 0.92 | 0.92 | 1.255 | 
30 | Wisconsin | 0.87 | 0.87 | 0.87 | 1.205 | 


Southern group 


32 | Alabama 1.20 | 1.20 | 1.20 | 1.50 
33 | Arkansas 1.19 | 1.19 | 1.1 1.49 
35 | Kentucky 0.575 | 0.575 | 1. 1.100 | 
36 | Kentucky 1.22 1.25 3.75 | 2.26 

38 | Missouri 1.135 1.1385 | 1.135 | 1.4385 
39 | Missouri 0.97 0.97 0.97 | 1.276 
40 | Missouri 0.975 | 0.975 | 0.975 | 1.275 
41 | Missouri 0.9238] 0.923 1.136 | 1.271 | 
42 | Tennessee 1.25 1.25 1.25 | 1.56 | 
43 | Virginia 1.07 1.07 1.07 | 1.47 | 
44 | West Virginia 0.935 | 0.935 | 0.935; 1.26 | 

Western group 

47 | Colorado | 1.30 | 1.30 | 1.45 ee | 1.75 (3 mos.) 
49 | Iowa 0.97 | 0.97 | 0.97 | 1.276 | 


| 
| | | 
| | | 
E 
vastern group 
| | | j 
| ets. cts. cts. cts. cts. 
4 
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TABLE 8—Concluded 


PER CENT INCREASE 


1916 1917 OF CosT OVER 1915 


1916 1917 


Averages by groups 


Eastern (9) 1 | 1.316) 1.7158 
Central (5) 0.91 0.91 0.91 
Southern (9).....| 1.074] 1.078} 1.379 
Western (2)......} 1.14 1.14 1.33 


Average of group av- 
erages 1.038 | 1.058 
Average of 25 works..| 1.031 | 1.068 


20 | Indiana 0.861 


New York market 
i 1.55 2.08 4.63 c 123.0 71.6 


In using these data, the effect of old contracts carrying over this period is 
to be remembered. The relation between the prices paid and the current mar- 
ket prices are indicated in the above tabulation. 


indicate a decline in quality of the coal of from 10 to 15 per cent, 
broadly speaking. The results are characteristic, rather than 
precise. 

Carleton E. Davis, chief of the Bureau of Water of Philadelphia, 
reports that at one of their main pumping stations the increase in 
coal consumption during the past twelve months or so was 17.3 
per cent per million gallons pumped, because of the inferior quality 
of the coal. At other stations a change in the type of pump or 
character of fuel used makes a comparison impossible. 

Advance in price of alum. The record of prices paid by water 
works for alum, in cents per pound, is interesting and significant. 
It is to be borne in mind, however, that it reflects the leveling 
effect of long-time contracts under a rising market. This is indi- 
cated by comparison (table 8) of the prices submitted, with the 
average New York market prices, quoted from the Journal of In- 
dustrial and Engineering Chemistry. 

The figures submitted indicate an advance in 1916 and 1917 over 
the prices of 1915, of approximately 30 and #24 per cent, whereas 
the advance in the New York market prices cver the 1915 scale, 
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; 
REFER- | 
ENCE 
STATE 1914 1915 
| 1.481 | 54.0] 32.7 
| 1.247 37.0 
| 1.477 28.0| 37.0 
" | | 1.513 6.1| 41.4 
| 1.304] 1.429 | 23.3 | 35.1 
1.395 | 1.485 | 30.6 34.4 
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was 123 per cent in 1916, and approximately 72 per cent in 1917, 
the decline in the latter reflecting governmental control. 

Some other operation supplies. Table 9 shows prices for sundry 
operating and maintenance supplies paid by the Indianapolis Water 


TABLE 9 


Prices paid for supplies used in operation and maintenance by the Indianapolis 
Water Company in 1915, 1916, 1917 and three months of 1918 


1918 


1915 1916 1917 QUOTATIONS 


. Chlorine gas 

Oil, H. P. cylinder.... 
. Oil, L. P. eylinder..... 
. Oil, linseed oil 

. White lead 


. Electric power 


. Brass castings......... 

. Special cast iron 

. Steel boiler tubes 4 

. Printing bills.......... 1.91 

. Heat (M. H. Lt. Co.).. , Increase 

. Rags (instead of 


1. 
2. 
3 
4 
5. 
6 
7 
8 
9 
0 
1 


1 
1 


bo 


om 


.08 


. Gasoline 25 
. Coal oil Gallon 


* Exclusive of demand charges. 


Company, during 1915, 1916, 1917 and 1918, furnished by C. C. 
Cray, purchasing agent of the company. 

Summary. In table 10 and figures 4 and 5 are summarized 
the increases in cost of labor and materials, already referred to. 


| 
Coal..................| Tom [$1.45 |$1.496 |$2.439 | $3.323 | 129 
Alum..................| 100 Ibs.|  .861 | .936 | 1.479 | 1.939 | 125 
| 100 Ibs. 112.50 |12.50 | 15.00 20 : 
Gallon 179 | 195 .25 35 95 
Gallon .849 | 44 .555 59 
Gallon . 234 | 25 34 .555 | 137 
| Gallon | 0.84 | 0.78 | 0.97 1.50 78 : 
ee Ibs. | 7.50 es 11.50 | 12.25 63 : 
O01 | | .015 015 | 50* 
{ 0125, .0125) .0175|  .0175| 40* 
127 
78 
| 258 
| 151 
| 25* 
waste Pound 05 06 07 || 60 . 
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Cost in DOLLARS Pee INCREASE 
1915 917 | 1917 
2423} 267 |1129 
1.18 12/3 | 2350 | loz} 
3478 41556522 69.00 1194 | 8276 | 987 


| 5390 20.1 | 


Cost DOLLARS 


Lesnard Metcalf 


A. Johnsen 
(Gea Vi. Fuller 


CAST IRON PIPE GOSTS~ Yearvy AVERAGE By Grours 
OF Gost OF CAST IRON PIPE AND FiTTINGS WITH 
PER CENT OF INCREASE OVER COST IN 1915. 
REPORT TO COMMITTEE OF THE AMERICAN WATER WORKS Asc. 
MAY 1918. 


NoTE> Prices for 1918 are based on the first three months 


PER GENT INCREASE OVER 1915 


FIGURE 4 
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ion 


COST CENTS PER PouND 


INCREASE 


PER CENT 


(914. 1916 


PER CENT INCREASEIN COSTOF ALUM OVER 
1915. 


MATERIAL Location | Cost +, INCREASE OVER 


T — 
ROUP 1914} 1915] 1916) 1917| 1918) 1995! |1917| 1918 


FUEL OIL | Wesrern(0 | 17951138 |150|257! 0.0! 8.2862) 


"| CENTS PER GALL). 27 | LBC | Lgo | 200 |450 0.0 


PER CENT INCREASE IN 
COST OF FUEL OVER 1915 


yoe 


WESTERN(5): 3.95 397/437 | 789) a0 | 10. 


COAL CENTRAL |277! 3751 
| DOLLARS | Eastern 380 | 596/704) 0.0 | toad 
PER SouTHERN(s} 192 | 1:92 | 201 |402 57 


Avenor4 | 282/282! 3.24| 477 Gaz 


WESTERN(2) | Lid 114 | 120 | 1513 414 
ALUM 
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WATER WORKS OPERATION AND MAINTENANCE COSTS 


Returns were received from about fifty important water works 
concerning their gross annual revenue, operating expense including 
taxes but excluding depreciation allowance, and the resulting op- 
erating revenue applicable to depreciation allowance, fixed charges, 
dividends and surplus. These results have been analyzed and put 
into comparative percentage form, in order that the change in con- 
ditions might readily be understood. Inasmuch as a number of 
these records were given in confidential manner, with the under- 
standing that the names of the corporations would not be men- 
tioned, there has been recorded merely the state in which the works 
were located. The works have been assembled in four major 
groups, the western, the central, the eastern, and the southern, and 
are shown in table 11. A summary of groups gives averages for 
each of the groups and the average of the four group averages, and | 
the averages of all of the records cited. 

These records indicate, as do the construction records, that no 
marked change in conditions was felt until 1916; that the gross an- 
nual revenues for 1916 and 1917 were respectively 6 and 9 per cent 
in excess of those for 1915, but slightly more than those for 1914 
on the basis of all of the records received, or 8.5 and 13.5 per cent 
on the basis of the average of group averages. The normal advance 
in gross revenue, corresponding to the growth in population and in 
investment, would probably have exceeded 6 per cent per annum 
and may have been substantially greater than this amount. 

The increase in operating expenses over those of 1914-1915 was 
6 and 19 per cent for 1916 and 1917, respectively, on the basis of 
all the records received, and 12.7 and 32.6 per cent on the basis of 
the average of the group averages. 

The resulting operating revenues applicable to the depreciation 
allowance, fixed charges, dividends and surplus for 1916 and 1917, 
were respectively 6 and 2 per cent in excess of those for 1915, all on 
the basis of the average of all of the records received; and 3.4 and 0 
per cent, respectively, in excess of 1915, on the basis of the average 
of the four group averages. 

Broadly speaking, therefore, it appears from table 11, as from the 
graphical representation shown in figure 6, that the increase in 
operating expense has substantially absorbed the normal increase 
in gross revenue and has left no revenue to carry the burden of 
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creased cost of operation. 
from about forty or fifty of these cities. 
increases in operating expenses during the past six months, as compared with 
the normal pre-war operating expenses. 
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TABLE 12 


Increase over normal operating expenses 


Data on increase in operating expenses ‘of some American water works 


Under date of May 31, 1918, F. C. Jordan, Secretary of the Indianapolis 
Water Company, wrote independently to a number of the leading water 
plants of the country, requesting information in reference to their increase in 
operating expense, and readjustment of rates to offset, in part, this in- 
Up to June 10, 1918, answers had been received 
These answers indicate the following 
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TABLE 12—Concluded 


Quite a number of the water departments have increased their water rates 
within the past year or so, and others report that they are petitioning for an 
increase or contemplate doing so in the near future. Among those that have 
increased their rates are the following: 

Atlanta, Ga., reduced its discount for prompt payment from 25 per cent 
to 10 per cent. 

Cincinnati, Ohio, increased its rates 25 per cent, this increase affecting all 
water consumers. 

Dayton, Ohio, increased its annual minimum on §-inch meters from $4.40 
to $6.60. This amount covers a quarterly consumption of 1000 feet in addi- 
tion to the meter rental. 

Flint, Mich., increased the rate to its large consumers from 5 cents per 
thousand gallons to 8 cents. 

Brockton, Mass., increased its rates to all consumers. 

Philadelphia, Pa., increased its metered water rates 30 per cent. 

Richmond, Va., increased its rates to large consumers from 3} cents per 
thousand gallons to 5 cents. 

Detroit, Mich., put into effect an increase covering all consumers, and is 
now considering an additional increase. 

Toledo, Ohio, increased its water rates on October 12, 1916, and is now 
figuring on another increase. 

Savannah, Ga., increased its rates to all water consumers. 

Toronto, Canada, increased its rates 10 per cent in 1917, and an additional 
increase of 25 per cent became effective in the early part of this year. 

The following cities are petitioning for increase, or contemplate doing so 
in the very near future: Champaign, Ill.; Davenport, Iowa; Hamilton, Ohio; 
Racine, Wis.; Springfield, Mo.; Tampa, Fla.; Worcester, Mass.; Kent, Ohio, 
etc. 


additional investments. There is marked decline in revenue in the 
eastern group, however. 

Interesting similar data on increase in operating expense of some 
of the more important water works in the United States were ob- 
tained by Mr. Frank C. Jordan, Secretary of the Indianapolis 
Water Company, and are given in table 12. 


SUMMARY OF FINDINGS 


Records received from 50 typically important water works in the 
United States, indicate 

(a) That the advance in the cost of labor used by water works in 
construction work during the past three years was approximately 
13 per cent in 1916 and 27 per cent in 1917, over the pre-war costs 
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in this country. These pre-war costs were fairly reflected by prices 
prevailing in the year 1915. 

Material decrease in efficiency of labor has also been observed 
in all parts of the country, the consensus of opinion indicating an 
approximate loss in efficiency of from 25 to 35 per cent. 

(b) The important water works construction materials, pipe, 
valves, hydrants, etc., have more than doubled in cost. 

The more important operating materials, such as coal and fuel 
oil, have also more than doubled and chemicals for the treatment 
of the water have advanced from 50 to 100 per cent and more. 

(c) The normal annual increase in revenue of the water works of 
this country has in general decreased, except where war activities 
have materially increased the local market for water. 

(d) The operating and maintenance expenses have increased 
approximately one-third, the increase in gravity works being of less 
serious moment generally, than in the pumping plants. 

(e) The net revenues applicable to depreciation allowance, fixed 
charges, dividends, and surplus have, in general, remained about 
stationary, instead of increasing substantially from year to year, 
thus indicating that the new investment is not being taken care of, 
and that the divisible revenue is declining. The conditions vary 
markedly at individual plants and in groups, the eastern group 
showing the most marked decline in net annual revenues. Un- 
fortunately the conditions are growing more and more serious. 


CONCLUSIONS 


First. That the water works of the United States have suffered, 
through war conditions, large increase in construction and operation 
costs. 

Second. That marked decline in net revenue has resulted. 

Third. These conditions did not begin to make themselves gen- 
erally felt until late in 1916, and it was not until the latter part of 
the following year that they became serious. The desirability and 
continuity of employment tended to delay the advance in wages. 

Fourth. The advance in cost of labor used in extension and 
minor construction work, by water works in this country, has gath- 
ered force in the last six months, and it is the general opinion of 
municipal and corporate managers that additional increases are 
certain to come during 1918 and thereafter, if labor is to be held. 
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Fifth. It is undesirable to replace old, well-trained forces, fa- 
miliar with these water works properties, with other labor not hav- 
ing this familiarity, in the effort to hold the wages at a point below 
the general local standard for similar service. The character of the 
service would suffer and it would not be fair to labor. 

Sizth. Serious and conscientious effort has been made by water 
works operators generally to reduce construction and operating 
forces to a minimum. 

These reductions have in many cases already gone beyond desir- 
able limits, even to reducing the working efficiency of the properties. 

In other cases still greater economies are possible in better con- 
sumption of coal; waste reduction by increased use of controlling 
meters, pitometer surveys, and more frequent house to house in- 
spection, and in quarterly instead of monthly meter readings of 
small meters. 

Seventh. The general situation is a very serious one and has shown 
itself in increasing difficulty of attracting capital for necessary 
betterments. While extension of service is likely to be increasingly 
limited with the conditions of war, it would be unfortunate, if the 
activities of important industrial and commercial centers, particu- 
larly those concerned in governmental activities, should be thus 
circumscribed. 

Eighth. The menace of the situation lies in the increasing diffi- 
culty under such conditions of maintaining constantly a water 
service safe from a sanitary standpoint, necessary for good fire 
protection service, and adequate for industrial, commercial and 
domestic needs. 

Ninth. Public Service Commissions and other regulatory bodies 
have already recognized the danger of the present situation to the 
public as well as to the utilities, and are likely at least to afford 
such relief as may seem to them necessary to maintain credit, but 
it is imperative for water works operators to keep clear records, 
showing the actual change in conditions and prices of materials 
and labor, that these bodies may have uncontestable proof upon 
which to pass judgment as to the necessity for relief. 

Tenth. It is imperative, in the interest of good service, that 
water works operators of municipally as well as corporately owned 
plants, should anticipate their construction and operation needs, as 
far as possible, and should be careful to obtain the necessary priority 
orders, that the quality of the water and the service rendered may 
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not be seriously impaired in the future for want of construction and 
operation materials and supplies. 
Respectfully submitted, 
LEoNARD Metcatr, Chairman, 
GEORGE A. JOHNSON, 
GEORGE W. FULLER. 


PROGRESS REPORT OF COMMITTEE ON MECHANICAL 
ANALYSIS OF SANDS 


The Committee on Mechanical Analysis of Sand has up to this 
time delayed the preparation of a report principally because of the 
fact that it is thought to be one of the principal duties of this com- 
mittee to submit a proposed standard method of conducting such 
analyses and because during the past two years, especially, the 
United States Bureau of Standards at Washington, D. C., has 
been active in securing coéperation and joint action of parties inter- 
ested in the selection and adoption of standard screens. It is 
recognized that standard screens are required not only for the 
mechanical analyses of sands but also in many other industries, 
yet it is believed that it is to the best interests of all having to do 
with such sand analyses that the one standard be used for all. 
There are obvious advantages in having the one standard screen 
scale available for all purposes and there is no apparent advantage 
in having a separate or distinct set of standard screens for testing 
sand. 

Early action of the Bureau of Standards in the matter of standard- 
izing sieves resulted in the adoption of certain specifications stand- 
ardizing 200 and 100-mesh sieves used primarily for testing cement. 
Subsequently, early in 1917, responding to the demands of industry, 
the Bureau of Standards called a conference at Washington includ- 
ing representatives of practically all national engineering and tech- 
nical organizations and others interested in the adoption of stand- 
ard sieves. The conference, after considering various screen scales, 
adopted a standard screen scale and recommended that it be adopted 
generally by scientific, technical, and engineering societies and com- 
mittees as part of their specifications for materials and methods of 
tests; also that it be used by private firms who have need of stand- 
ard sieves. The committee recommends the adoption of the stand- 
ard screen scale for sieves used in the mechanical analysis of sands. 

The screen scale is essentially metric. The sieve having an 
opening of 1.0 mm. is the basic one and the sieves above and below 
this in the series are related to it by using in general the square root 
345 
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of 2, or 1.4142, or the fourth root of 2, or 1.1892, as the ratio of 
the width of one opening to the next smaller opening. The first 
ratio, that is, 1.4142, is used for openings between 1.0 mm. and 
8.0 mm., while the second ratio is used for openings below 1.0 mm. 
to give more sieves as required in that part of the scale. 

Because of the possible wide range of openings in sieves now 
manufactured with a given number of meshes of wire per unit 
length, due to the use of wires of different diameters, and because of 
the consequent confusion and uncertainty which arise in designat- 
ing sieves by the number of meshes per unit length, the sieves of this 
series are designated by the width of the opening in millimeters, as 
for example a 1.41 mm. sieve, or a 0.36 mm. sieve. The committee 
recommends that this method of designating sieves be adopted 
instead of the customary method of designating the number of 
meshes per inch. 

To meet the need for sieves of this series at the present time the 
committee has included a temporary provision in the specifications 
for the acceptance of sieves of slightly different mesh and wire diam- 
eter than that called for in the screen scale, provided the resultant 
opening is the same as the nominal opening within a small range. 
This will make possible the use of a number of sieves now on the 
market in which the ratios of wire diameter to opening. are only 
slightly different from those of the screen scale. 


Specifications for standard sieves 


Sieves shall be of brass constructed in diameters of 20 cm. (7.87 inches) or 
15 em. (5.91 inches). These are the outside diameters of the bottom of the 
sieves or the inside diameters of the top of the sieves. 

Wire cloth for standard sieves shall be woven (not twilled, except that the 
cloth of 0.062-mm. sieves, may be twilled until further notice) from brass, 
bronze, or other suitable wire and mounted on the frames without distortion. 
To prevent the material being sieved from catching in the joint between the 
cloth and the frame, the joint shall be smoothly filled with solder, or so 
made that the material will not catch. 

The number of wires per centimeter of the cloth of any given sieve shall 
be that shown in the accompanying table 1, in the second column, headed 
‘‘Mesh,’’ and the number of wires in any whole centimeter shall not differ 
from this amount by more than the tolerance given in the 5th column, that 
headed ‘‘Mesh’’ under the heading ‘‘Tolerances.’’ No opening between 
adjacent parallel wires shall be greater than the nominal width of opening 
for that sieve by more than the following amounts: 

Five per cent of the nominal width of opening for the 8-mm. to 1-mm. 
sieve inclusive. 
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TABLE 1 
Standard screens for mechanical analyses of sand 


TOLERANCES 

Mesh Diameter 
8.00 1.00 | 2.00 0.25 0.01 | 0.008 
oe, re 0.315 2.54 | 0.079 0.25 0.03 | 0.003 
Manufactured...........| 8.05 2.5 | 0.083 0.26 
5.66 1.4 | 1.48 0.26 0.01 | 0.08 
Customary..............| 0.223 3.56 | 0.056 0.26 0.03 | 0.003 
Manufactured...........| 5.66 3.5 | 0.063 0.28 
pO 4.00 2.0 | 1.00 0.25 0.02 | 0.05 
Customary..............| 0.157 5.1 | 0.039 0.25 0.05 | 0.002 
Manufactured...........| 4.04 5.0 | 0.041 0.26 
2.83 2.75 | 0.81 0.29 0.02 | 0.05 
Customary..............| 0.111 7.0 | 0.032 0.29 0.05 | 0.002 
Manufactured...........| 2.82 7.0 | 0.032 0.29 
1 ee ee 2.00 3.9 | 0.56 0.28 0.04 | 0.05 
Customary..............| 0.079 9.9 | 0.022 0.28 0.1 0.002 
Manufactured...........| 2.03 10.0 | 0.020 0.25 
1.41 5.0 | 0.59 0.42 0.08 | 0.025 
Customary.............. 0.0555 | 12.7 | 0.0232] 0.42 0.2 0.001 
Manufactured...........| 1.42 12.0 | 0.027 0.69 
1.00 7.0 | 0.43 0.43 0.15 | 0.020 
Customary..............| 0.394 17.8 | 0.0169 | 0.43 0.4 0.0008 
Manufactured...........} 1.01 18.0 | 0.016 0.41 
0.71 9.0 | 0.40 0.56 0.3 0.012 
0.0280 | 22.9 | 0.0157 | 0.56 0.75 | 0.0005 
Manufactured...........| 0.72 22.0 | 0.017 0.60 
0.50 12.0 | 0.33 0.66 0.4 0.012 
Customary..............| 0.0197 | 30.5 | 0.0130 | 0.66 1.0 0.0005 
Manufactured...........| 0.50 3.0 | 0.0135 |} 0.68 
0.36 16.0 | 0.26 0.72 0.6 0.010 
Customary..............| 0.0142 | 40.6 | 0.0102 | 0.72 1.5 0.0004 
Manufactured...........| 0.36 40.0 | 0.011 0.79 
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TABLE 1—Concluded 


| | | | 

TOLERANCES 
| WIDTH OF WIRE DI- | 
| OPENINGS AMETER | 


AMETER | | 
T 

| 

| 


OPENING Mesh Diameter 


| 0.2: 23.0 |0.185 | 0.74 | 1 | 0.008 
Customary..............| 0.008 58.4 | 0.0073 | 0.74 3 
Manufactured...........| 0.22 60.0 | 0.007 0.72 


Metric 31.0: | 0.15 0.88 
Customary. 0: 78.7 | 0.0059 | 0.88 
Manufactured...........| 0. 80.0 | 0.00575) 0.85 


Metric 12] 47.0 | 0.089 0.71 
6. 119.4 | 0.0035 | 0.71 
Manufactured...........} 0.11§ 120.0 | 0.0036 | 0.77 


Metric 0 67.0 | 0.061 0.69 
Customary 170.2 | 0.0024; 0.69 
Manufactured 08S 170.0 | 0.0024 | 0.69 


Metric : 98.0 | 0.040 0.65 
0:08 248.9 | 0.0016 | 0.65 
Manufactured...........] 0. 250.0 | 0.0016 | 0.67 


Ten per cent of the nominal width of opening for the 0.71-mm. to the 0.36- 
mm. sieve, inclusive. 

Twenty per cent of the nominal width of opening for the 0.25-mm. to the 
0.125-mm. sieve, inclusive. 

Thirty per cent of the nominal width of opening for the 0.088-mm. and 
the 0.62-mm. sieve, inclusive. 

The diameters of the wires of the cloth of any given sieve shall be that 
shown in the third column of table 1 headed “‘ Wire Diameter,’’ and the aver- 
age diameter of the wires in either direction shall not differ from the specified 
diameter by more than the tolerance given in the last column of table 1, that 
under ‘‘Tolerances’”’ headed Diameter.”’ 

Sieves shall be rejected for obvious imperfections in the sieve cloth or its 
mounting, as for example, punctured, loose or wavy cloth, imperfections in 
soldering, etc. 

Until further notice, to permit the use of sieves now on the market which 
have slightly different mesh and wire diameters from that specified above, 
sieves will be satisfactory if the measurements of mesh and wire diameters 
show the resulting average width of opening to be within 4 per cent of the 
nominal opening of a given sieve, and the ratio of wire diameter to opening 
of the sieve in question is within 0.03 of that given in table 1, in the column 
headed ‘Ratio Wire Diameter to Opening”’ for the 8-mm. to the 2-mm. sieves, 
inclusive, and within 0.06 of the ratio given for sieves of smaller openings 
than 2 mm. 
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1 | 0.008 
3 | 0.0003 
1.5 0.008 
: 4 | 0.0003 
2.5 0.005 
6 0.0002 
3.5 | 0.005 
9 | 0.0002 
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The Bureau of Standards has announced that it will test sieves of 
the standard screen scale to determine whether they conform to 
the specifications which follow. This test will consist of an exami- 
nation of the mesh of both the warp and shoot wires of the cloth to 
ascertain whether it comes within the tolerances allowed; also 
measurements of the diameter of wires in each direction to deter- 
mine the average diameter; also a measurement of any large open- 
ings to determine whether they exceed the limits given in these 
specifications; also, an examination of the sieves to discover any 
imperfection of the sieve which may seriously affect its sieving value. 
Sieves which pass the specifications will be stamped with the seal 
of the Bureau and will be given an identification number and 
a certificate will be furnished for each sieve that passes the re- 
quirements. 

For sieves which fail to meet the specifications reports will be 
rendered showing wherein the sieve was not up to the standard. 

In the accompanying Table 1 the committee has shown the speci- 
fications for standard screens which it recommends for adoption by 
the Society. The first 7 sieves listed, that is from the 8-mm. to the 
1.0-mm. sieve, include the first 7 sieves of the entire screen scale. 
For the sieves smaller than the 1.0 mm. sieve, only the alternate 
sieves of the screen scale are included. 

In the table are shown the meshes per inch and diameters of wire, 
together with their tolerances, all expressed in millimeters and inches. 
Widths of openings are expressed also in millimeters and inches. 
There is also shown for each standard screen specifications for that 
sieve now manufactured which most nearly approaches the sug- 
gested standard screen, as regards width of opening and ratio of 
wire diameter to opening. 

The committee wishes to call attention to the importance of the 
latter factor or ratio. Referring to the table, it will be observed 
that the ratio of wire diameter to opening varies from 0.25 to 0.88, 
generally increasing with the finer cloth. In practice it is found 
that the diameter of wire used should be as small as will withstand 
the service required, because material will not pass cloth composed 
of coarse wire so freely as it will pass cloth woven of fine wire. This 
fact undoubtedly is the principal reason why confusion has arisen 
in the past when it has been attempted to establish a relation 
between the diameter of opening and the size of the particle passing 
the opening, that is the separation of the sieve. For instance, in 
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the case of two sieves having the same width of opening, that in 
which the wire has the larger diameter will pass the larger particle, 
and vice versa. 

Another feature of the manufacture of wire cloth which has con- 
siderable importance in affecting the separation of a screen is the 
weave. The finer screens are frequently made of twilled cloth, that 
is each wire crosses above and below each adjacent two wires, while 
in the plain woven cloth, each wire crosses above and below each 
adjacent wire. The plain woven cloth is always used for the 
coarser sieves. Experience shows that larger particles will pass 
through twilled cloth than through plain woven cloth of the same 
width of opening. 

The committee recommends that the cloth in all of the standard 
sieves be plain woven and not twilled, although for the present it 
may be necessary to use twilled cloth for the 0.062 mm. sieve. 

Methods of making mechanical analysis. A mechanical analysis 
of sand is generally accomplished in the following manner: The 
selected sieves are nested with the coarsest at the top varying to 
the finest at the bottom. For the 8 inch diameter sieves 300 grams 
and for the 6-inch sieves 100 grams of the sand to be analyzed are 
dried and placed in the top sieve, the nest of sieves is shaken in a 
mechanical shaker practically to refusal of any further separation, 
the sieves separated, and beginning with the finest sieve the sand 
remaining on each sieve is weighed accumulatively. The results 
are then plotted to a suitable scale. 

There are six factors which control the results of a mechanical 
analysis, as follows: the selection of a representative sample; the 
quantity of material taken for analysis; the number and rapidity of 
the shakes; the accuracy of the weights of the separated portions; 
the rating of the sieves to determine their separations; and finally, 
the interpretation of results. Each of the above features has an 
important bearing on the accuracy and reliability of a mechanical 
analysis and should be given proper consideration. 

The material to be analyzed should preferably be in its natural 
moist condition when sampled as otherwise it tends to separate. 
When dry it should be handled with a scoop and thoroughly mixed. 
In sampling a pile of moist sand a large sample should first be taken 
of several portions from different parts of the material, these por- 
tions mixed, the resultant sample quartered and the process con- 
tinued until finally there is secured a sample of the required size. 
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The amount of sand used should be as large as practicable. For 
the 8-inch sieves 300 grams of graded sand and for the 6-inch sieves 
100 grams may well be used. More than these quantities tend to 
stretch and clog the cloth and are not readily separated by shaking. 

A mechanical shaker is required, especially where a large number 
of analyses are to be made. Several satisfactory machines are on 
the market. The essential feature of such a machine is that its 
speed shall be properly controlled. Experience will readily indicate 
the period of shaking required in the machine which should be 
operated by trial, using the required amount of sand until there is 
practically no further passage of sand grains through the screens. 

In the case where a mechanical shaker is not available, as in field 
work, hand shaking when carefully executed will give results com- 
mensurate with a mechanical shaker. Experience indicates that 
when using the portions of sand indicated above, hand shaking 
for about 200 double horizontal shakes will give a satisfactory 
separation. 

The accuracy of the weighing depends upon the precision of the 
balance used. Weights should be taken to 0.1 gram, with the 
understanding that the weights may be slightly in error when the 
total weight is greater than 100 grams. 

The interpretation of a mechanical analysis depends primarily 
upon two features, the size of separation as determined for each 
sieve and the method of plotting and recording results. 

At least two methods are available to determine directly the 
separation of a sieve, either to measure the three principal diameters 
of representative sand grains and to compute their average diameter 
or to count and weigh the grains and to compute the volume of the 
average particle obtained by dividing the weight of the average 
grain by its specific gravity. There is thus obtained the mean 
volume of the average grain which is considered to be a sphere and 
its diameter computed and taken as the separation of the sieve. 
The former procedure is recommended as giving the best results 
for large gravel; also for the extremely small grains of sand such as 
will pass a sieve of 200 meshes to the inch. A pair of calipers may 
be used to measure the diameters of the larger particles and a micro- 
scope to measure the smaller particles. The second procedure is 
the one commonly used for sieves ranging from 4 to 140 meshes per 
inch and requires the accurate separation of the sample, the count- 
ing and weighing of the grains and the determination of the specific 
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gravity of the grains. It will be observed that the rating of a nest 
of sieves in this manner is at best a tedious and difficult procedure. 

Whatever the method used in determining the sizes of the grains 
the securing of an accurate sample is of first importance. The pro- 
cedure is as follows: a sample of sand is put through the sieve in 
exactly the same manner as in making a mechanical analysis. Each 
sieve is then shaken a little by hand and the last particles going 
through are shaken over the next finer sieve. The last material 
remaining on the next finer sieve is considered the separation of the 
sieve. 

Experience indicates that the results of the determinations of 
the sizes of separation are dependent almost entirely upon the selec- 
tion of proper samples, because two determinations of the separation 
of a sieve using portions of the same sample should give the same 
results to the required accuracy when reasonable care is used. 
Owing to characteristic variation in the sizes and shapes of the grains 
it is desirable to use several kinds of sand from different locations or 
sources in order to determine the average separation. Where 
sieves are required largely for the mechanical analysis of a particular 
sand the procedure may properly be limited to determinations of 
the sizes of separation with this material only. 

A comparative method of rating sieves also suggests itself in the 
event that there is available a nest of sieves already rated. A 
representative sample of sand may then be analyzed in the usual 
manner by the rated sieves and again may be separated into weighed 
portions by the unknown sieves. By plotting the percentages of 
the total weight on the curve of the analysis as determined by 
the first set sieves, the separations of the unknown sieves may be 
read directly. The comparative method has obvious advantages 
and in general is one of the methods now used by the Bureau of 
Standards to test 100 and 200 mesh cement sieves. 

Because the method of rating a nest of sieves by counting and 
weighing the grains is a very tedious and expensive procedure, inves- 
tigations have been made from time to time to determine whether 
or not there is any definite relation or relations between the width 
of opening of a screen and the size of separation. In view of the 
fact that in the past screens have been made with little if any atten- 
tion to definite specifications or tolerances of mesh and diameters of 
wire it is not surprising that these investigations were not satis- 
factory and did not indicate whether or not such a relation exists. 
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Part of the difficulty undoubtedly was attributable to the personal 
factor and also to the use of grains of sand of different degrees of 
sharpness. 

In table 2 are shown the openings of the standard screens and the 
probable sizes of separation that may be obtained with sieves built 
under the accompanying specifications, especially in regard to toler- 
ances of mesh and diameter of wire. Experience indicates that 


TABLE 2 


Relation between sizes of opening and sizes of separation of sieves 


RATIO WIRE RATIO SIZE CORRESPONDING 
SIEVE OPENING DIAMETER TO OF SEPARATION SIZE OF 
OPENING TO OPENING SEPARATION 
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119.4 
170.2 
248.9 


* Ratio assumed for twilled cloth. For plain woven cloth ratio is 1.11 
and separation is 0.068 mm. 


many sieves used for the mechanical analyses of sand wouldnot 
come within these specifications especially because the spacing of 
the wires in one direction is not correct and within these specifica- 
tions. Moreover it is not uncommon to find the wires used in the 
cloth to be of larger diameter and unsatisfactory on this account. 

The Committee is not in accord as to the value of factors to be 
applied to determine the separation of a sieve with relation to its 
average width of opening. It is obvious, however, that the use of 
the accompanying specifications should result in a material improve- 
ment in the manufacture of testing screens; also that the use of such 
factors would be of great assistance in many cases in determining 
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the relation between analyses made by different investigators and 
expressed by either one of the two standards of measurement. 
Moreover, it is apparent that the use of the standard screens in 
specifications of material required has obvious advantages as com- 
pared with the use of such terms as will define the sizes of the par- 
ticles, or of selected arbitrary percentages by weight of the particles. 

Furthermore, the Committee is not in accord as to the standard 
of measurement which can best be adopted for rating sieves required 
for the mechanical analysis of sand. It is of course true that the 
principal use of such analyses, so far as this Association is concerned, 
is for the determination of the characteristics of sand required or 
used for filtration purposes. Moreover, up to the present time, the 
standard of measurement has been the size of separation of a sieve 
and not the width of opening. The screen scale now recommended 
by the Bureau of Standards for adoption is based upon the width 
of opening and not upon the size of separation. The committee is 
not yet prepared to report upon the adoption or uses of either stand- 
ard of measurement because further investigation is required to 
reach a conclusion in this matter. 


Puitie Buraess, Chairman. 


AMENDMENTS TO THE CONSTITUTION! 


AMENDMENTS TO ARTICLE III 


This amendment qualifies for Active Membership, engineers, 
chemists, and other technical men, who act as such for, and are em- 
ployed by, Associate Members of the Association. It is felt that 
in the past numerous persons well qualified for Active Membership 
have been improperly debarred from that grade through their 
employment by Associate Members. Section 3 as amended follows: 

Section 3. An active member shall be either a superintendent, 
manager, or other officer of a municipal or private water works; a 
civil, mechanical, hydraulic or sanitary engineer, chemist or bacter- 
iologist, including those acting technically as such for, and employed 
by, Associate Members of the Association; or any qualified person 
engaged in the advancement of knowledge relating to water supplies 
in general. 


AMENDMENT TO ARTICLE VI 


This is a highly important amendment affecting the manner of 
electing officers of the Association. The proposed amendment seeks | 
to evenly balance the control of Association affairs by dividing the 
membership into six districts, each of which will have approximately 
the same number of members, and according to the plan herein pro- 
posed each of these six districts will always have representation on 
the Executive Committee. No one of the districts will be repre- 
sented by more than one Trustee at any time. The term of office 
of Trustees will be three years in each case, two being elected each 
year in the districts in which the terms of the incumbents expire. 
The new method of electing the Nominating Committee herein 
proposed is believed to be a marked improvement over the present. 
It provides that at the Annual Meeting each district shall submit 
one name, but not more than two, as candidates for the Nominating 


1 Submitted by the Special Advisory Committee, approved by the Execu- 
tive Committee, December 1, 1917, and adopted by the St. Louis Conven- 
tion on May 14, 1918. 
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Committee from that district. The names so submitted at the 
Annual Meeting, together with any others sent to the Secretary 
within sixty days after the Annual Meeting, are to be printed on a 
ballot and mailed to the voting membership of each district. Vot- 
ing is not restricted to such names. Balloting on the election of 
members of the Nominating Committee follows in the same manner 
as that provided for the election of officers. The candidates receiv- 
ing the largest number of votes for membership on the Nominating 
Committee thus selected by their respective districts, and the latest 
living past-President of the Association, are then formally appointed 
by the Executive Committee as the Nominating Committee. 

This Nominating Committee, composed of seven members, one 
being elected from each of the six districts, and the latest living past- 
President, will meet on or before January Ist for the purpose of 
selecting nominees for the offices to be filled. Reimbursement for 
their expenses is provided for. The Committee selects but one 
nominee for each office to be filled, first obtaining the consent of the 
nominee to accept nomination and to serve if elected. On or before 
January 10th the Nominating Committee shall report its list of 
nominees to the Secretary of the Association, and on or before 
February 1st the Secretary shall mail to the membership this list of 
nominees selected by the Committee. 

Other nominees may be made by petition before March Ist, and 
the balloting for officers will follow in the usual manner. Article 
VI as amended is as follows: 

Section 1. The officers of the Association shall be a President, 
Vice-President, Treasurer, Secretary and Editor of the Association’s 
publications. The offices of the Secretary and Editor may be com- 
bined at the discretion of the Executive Committee. 

Section 2. There shall be an Executive Committee in which the 
government of the Association shall be vested. It shall consist of 
the President, Vice-President, Treasurer, Secretary, Editor, the 
Chairman of the Finance Committee, the latest two living past- 
Presidents and six Trustees elected to represent the six districts 
hereinafter established, one Trustee to be elected from each district 
to serve three years. The President and Secretary of the Associa- 
tion shall be the President and Secretary of the Executive Committee. 

In 1919 one Trustee shall be elected from District 1, and one from 
District 4, to succeed the present Trustees whose terms expire in 
1919; in 1920 one Trustee shall be elected from District 2, and one 
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from District 5 to sueceed the present Trustees whose terms expire 
in 1920; in 1921 one Trustee shall be elected from District 3, and 
one from District 6, to succeed the present Trustees whose terms 
expire in 1921; and every year thereafter, two Trustees shall be 
elected in the districts in which the terms of the incumbents expire. 

Section 3. The following districts are established for the pur- 
pose of territorial representation: 

District 1 shall include the States of Maine, New Hampshire, 
Vermont, Massachusetts, Rhode Island, Connecticut, Michigan, 
Wisconsin and the Dominion of Canada. 

District 2 shall include the State of New York. 

District 3 shall include the States of New Jersey, Pennsylvania 
and Delaware. 

District 4 shall include the States of Ohio, Indiana and Illinois. 

District 5 shall include the District of Columbia and the States of 
Maryland, Virginia, West Virginia, North Carolina, South Carolina, 
Georgia, Florida, Alabama, Mississippi, Tennessee, Kentucky, 
Arkansas, Louisiana, Kansas, Oklahoma and Texas. 

District 6 shall include all other States and Territories of the 
Union, and all territory outside of the United States not otherwise 
provided for. 

The boundary lines of these districts may be changed by majority 
vote of the Association at any time when it becomes necessary so to 
do in order to preserve approximately the same number of voting 
members in each district. Should any Trustee be thrown into 
another district by changes made in the boundary lines, he shall 
serve out his term of office and be accredited as the representative 
either of his old district or of the district in which he resides, as the 
Executive Committee may determine. 

Section 4. On or before the first day of November of each year, 
the Executive Committee shall appoint a Nominating Committee 
composed of seven members, one from each district, together with 
the latest living past-President of the Association who shall be the 
Chairman of the Committee. The district members thus appointed 
shall be those active, honorary or corporate members who receive 
from their respective districts the largest number of votes of the 
general membership obtained in the following manner: members 
from each district present at the Annual Meeting shall submit one 
name and may submit two, but not more, from members from that 
district, as candidates for the Nominating Committee for that dis- 
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trict; the names submitted, together with any others sent to the 
Secretary within sixty days after the Annual Meeting, over the 
signatures of at least twenty-five voting members from the district 
for which the candidate is to be elected, shall be printed on a ballot 
and mailed to the voting membership of each district not later than 
the first day of October following, but voting shall not be restricted 
to such names. The polls shall be closed at the Secretary’s office at 
noon October 20th. The said ballots for each district shall have 
only the names of the candidates for that district printed thereon 
with space left for inserting another name by the voter. The 
method of balloting shall be the same as that provided hereafter for 
election of officers. Should there be a tie vote in any district, the 
Executive Committee shall decide by vote which of the candidates 
receiving the largest number of votes shall be appointed. 

On or before the first day of January following, the Nominating 
Committee so elected shall meet at some convenient point for the 
purpose of selecting nominees for the offices to be filled. Railroad 
fares of the members of the Committee attending this meeting, on 
the basis of an allowance of four cents per mile of travel, shall be 
paid by the Association after the accounts have been approved by 
the Chairman of the Nominating Committee and by the Finance 
Committee. The Nominating Committee shall select only one 
nominee for each office to be filled, after obtaining the consent of the 
nominee to accept nomination and to serve if elected. 

On or before January 10 the Nominating Committee shall report 
its list of nominees to the Secretary of the Association, who shall 
before the first day of February cause to be mailed to the member- 
ship the list of nominees selected by the Nominating Committee. 
At any time prior to noon on the first day of March of each year 
additional nominations may be made by request to the Secretary, 
signed by at least twenty-five Active, Honorary or Corporate mem- 
bers, and upon the receipt of such request the Secretary shall, after 
acceptance of the nomination by the candidate, add such additional 
nominees to the final ballot to be prepared by him. The nominees 
of the Nominating Committee shall head such final ballot for each 
office, and any additional nominees for the respective offices shall be 
placed under the nominees of the Committee in alphabetical order. 

Section 5. Election shall be by letter ballot. At least two 
months before the date of the Annual Meeting, a ticket shall be 
mailed to each member of the ‘Association entitled to vote. Each 
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member shall be entitled to vote for one candidate for President, 
one candidate for Vice-President, one candidate for Treasurer and 
two candidates for Trustees. The ballot shall be sealed separately 
in a special ballot envelope. This ballot envelope shall be enclosed 
in a larger envelope and forwarded to the Secretary. The signature 
of the member voting shall appear on the outer envelope. 

The Secretary with two canvassers appointed by the President 
shall meet at a time and place directed by the President, and shall 
open and count all ballots cast by persons entitled to vote. No bal- 
lot shall be counted if received later than noon of the seventh day 
previous to the beginning of the Annual Meeting. 

The result of the canvass for President, Vice-President, Treasurer 
and Trustees shall be declared by the President at the Annual Meet- 
ing on certification of the canvassing board. The members who 
shall have received the highest number of votes cast for the several 
offices shall be declared elected. If there be a tie vote the President 
shall order a vote to be taken in the Annual Meeting to decide 
which person of those who shall have received the same number of 
ballots shall be chosen. 

The terms of the officers so elected shall be as follows: For the 
President, Vice-President, and Treasurer, each one year beginning 
with the close of the last day of the Annual Meeting and ending the 
last day of the next Annual Meeting, or until their successors shall 
have been chosen; for the Trustees, three years beginning with the 
close of the last day of the Annual Meeting, or until their successors 
shall have been chosen. 

Section 6. Before the close of each Annual Convention, the 
Executive Committee elected to serve during the year ensuing, shall 
organize and elect a Secretary and an Editor, to serve until the close 
of the next Annual Convention, or until their successors are chosen. 

Section 7. In case of inability of the President to perform the 
duties of his office, his position shall be temporarily filled by the 
Vice-President, and in case of inability of the Vice-President, his 
position shall be filled by one of the Trustees; the order of prece- 
dence being governed by priority in date of election as Trustee, or if 
the dates of election be the same, by priority in date of the admission 
of such Trustees to membership in the Association. 

Section 8. All vacancies in office, except as provided in Section 
7 hereof, shall be filled by vote of the Executive Committee for the 
unexpired term of said office as soon as practicable after said vacancy 
occurs. 
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Section 9. The President, Vice-President and Trustees shall be 
ineligible to election to the same office for consecutive terms. 


AMENDMENT TO ARTICLE VIII 


This proposed amendment is in the line of an endeavor to im- 
prove the present method of selecting places for holding Annual 
Conventions. Heretofore much valuable time during the Annual 
Meetings has been unnecessarily consumed in selecting the next 
Annual Meeting place. This amendment creates a Convention 
Committee, to be appointed each year by the incoming Executive 
Committee. This is to be a committee of three, one of whom is to 
be the Secretary of the Association. Its duty is to investigate all 
invitations from cities, and to satisfy itself that proper facilities are 
available for all purposes of the convention. During each Annual 
Meeting this committee will hold a meeting at which advocates of 
the various places extending invitations will be heard. The Con- 
vention Committee will report its findings to the Executive Com- 
mittee, and the Executive Committee to the Convention, and after a 
place has been selected one or more of the Convention Committee . 
will visit the place selected and ascertain whether the guarantees 
can be satisfactorily carried out, and if so make the necessary ar- 
rangements. Reimbursement for the expenses of the committee is 
provided for. The proposed amendments to Article VIII follow: 

Section 1. There shall be four standing Committees, the Finance 
Committee, the Membership Committee, the Publication Com- 
mittee and the Convention Committee. The members of each shall 
be appointed by the incoming Executive Committee. They shall 
serve for one year beginning with the close of the last day of 
the Annual Meeting or until their successors shall have been ap- 
pointed. Special Committees may be appointed at any time by the 
President. 

Add a new section numbered 5 to Article VIII to read as follows: 

Section 5. The Convention Committee, which shall consist of 
three members, one of whom shall be the Secretary, shall investi- 
gate all invitations to hold conventions of the Association, satisfying 
itself that the places extending the invitations have proper facilities 
for the accommodation of the members and guests, for holding the 
meetings of the Association with its National Sections, and for 
exhibits by associate members. This Committee shall invite the 
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Convention Committee of the Water Works Manufacturers’ Asso- 
ciation to coéperate with it. The Committee shall prepare and send 
to all cities extending invitations to hold conventions a form con- 
taining such questions as may be necessary to properly inform the 
Committee as to the convention facilities offered. The information 
shall include a diagram of the rooms offered for meeting rooms, 
Committee and Section rooms and exhibition space, also a list of 
available hotels, with guaranteed rates and the number that each 
will accommodate; points of interest to water works people, and 
entertainment, if any, offered. 

During each Annual Convention the Committee shall hold a 
meeting, at which advocates of various places extending invitations 
shall be heard, and at the time designated by the Executive Com- 
mittee for the selection of the place for holding the next Annual 
Convention the Committee shall make a report to the convention, 
stating in alphabetical order the invitations received and fully and 
impartially set forth the advantages and facilities offered by each. 
Should no invitations be received it shall be the duty of the Com- 
mittee to ascertain what arrangements can be made for holding a 
convention, and to report to the Executive Committee before the 
convention convenes. 

The Committee, or one or more members of the Committee, may, 
as soon as practicable after the place for holding a convention has 
been selected, visit such place and ascertain whether the guarantees 
can be fully carried out, and whether it is a suitable place for holding 
a convention of the Association; also, if the place is approved, to 
make the necessary arrangements for holding the convention. If, 
after such visit, it is the judgment of the Committee that the place 
is not suitable, or does not offer proper facilities, or for any other 
reason it would not be for the best interests of the Association to 
hold its convention there, the Committee shall immediately report 
its findings to the Executive Committee, with its recommendations 
as to the meeting place for the next Annual Meeting. The expenses 
of the Committee or members of the Committee, in making such 
visits to be borne by the Association, on the basis of an allowance 
of four cents per mile travel. 


AMENDMENTS TO ARTICLE X 


This proposed amendment seeks to clarify the somewhat ambig. 
uous phrasing of the laws governing expenditures by local sections- 
Its passage is particularly recommended by the Finance Committee 
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on account of certain misunderstandings which arose last year with 
respect to the manner in which the expenses of sections should be 
financed. As amended Section 4 of Article X is as follows: 

Section 4. Each Local Section as soon as established, and after 
its rules have been approved by the Executive Committee, may, 
with the approval of the Finance Committee, annually receive from 
the Treasurer of the Association, for local use, not more than twenty- 
five per cent of the annual dues paid to the Association by the 
members of the said Local Section; except that in no case shall the 
total of all moneys received by any Local Section for any one fiscal 
year exceed the sum of One Hundred and Fifty Dollars; and except 
that Local Sections with small memberships, where the alloted 
twenty-five per cent of the annual dues paid to the Association by 
the members of the said Local Section does not amount to Fifty 
Dollars, such Local Sections shall be entitled to receive from the 
Treasurer of the Association, for local ase, not more than Fifty 
Dollars in any one fiscal year. 

The Treasurer of each Local Section shall forward to the Secre- 
tary of the Association his application endorsed by the presiding 
officer of the Section for such portions of the said sums above speci- 
fied as may be needed; and upon receipt of such application the 
Secretary shall request the Finance Committee to authorize the 
Treasurer of the Association to pay such sums to the Treasurer of 
the Local Section. These moneys may be used by the Local Sec- 
tion only in payment of necessary operating expenses incurred by 
the Section, such as printing, stationery, postage, rent and care of 
meeting room, light, fuel, stenographer and stereopticon operator 
services at meetings, etc. 

At the end of each fiscal year the Treasurer of each Local Section 
shall submit a certified copy of his accounts to the Secretary of the 
Association, the same being itemized and showing the balance on 
hand of the funds received from the Association. This balance shall 
be returned to the Secretary of the Association, or shall be charged 
to the Local Section as a portion of its quota for the following year. 


SpeciaL ApvisorY COMMISSION ON THE CONSTITUTION. 
George A. Johnson, Chairman. 
Morris R. Sherrerd, 
Carleton E. Davis, 
Garrett O. House, 

Edward E. Wall. 
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SOCIETY AFFAIRS 
PROCEEDINGS THIRTY-EIGHTH ANNUAL CONVENTION 


The Thirty-eighth Annual Convention of the American Water 
Works Convention was held at the Planters’ Hotel, St. Louis, 
Missouri, May 13-17, 1918, an exhibit by the members of the Water 
Works Manufacturers’ Association being held concurrently at the 
same hotel. Although the constitution requires the opening session 
to be held on Tuesday, an informal meeting was held on the evening 
of Monday, May 13. Water Commissioner Edward E. Wall., of 
St. Louis, introduced Mayor H. W. Keil, who delivered an address of 
welcome, which was responded to by Past President Leonard Metcalf. 
A reception and dance followed, by invitation of the Local Enter- 
tainment Committee, of which Commissioner Wall was chairman. 

Tuesday Morning, May14. Major Theodore A. Leisen,Q.M.R.C., 
President of the Association, being unable on account of offi- 
cial duties to be present at this time, the session was called to 
order at 9.00 a.m., by the Vice President, Allen W. Cuddeback, who 
presided during the greater part of the convention. 

The Canvassing Committee, Jas. H. Caldwell and Wm. P. Mason, 
reported that the vote on the election of officers was unanimous for 
the regular nominees. The chair accordingly declared the following 
were duly elected officers for the ensuing year: President, Charles 
R. Henderson, Davenport, Iowa; Vice President, Carleton E. Davis, 
Philadelphia, Pa.; Treasurer, James M. Caird, Troy, N.Y. Trustees, 
term expiring 1921: Jack J. Hinman, Jr., lowa City, Ia.; Allen W. 
Cuddeback, Paterson, N. J. 

Geo. A. Johnson, Chairman, read the Report of the Executive 
Committee, which is printed on page 375. 

On motion of Geo. A. Johnson, the Convention tendered to Miss 
Charlotte S. Edgley a unanimous and rising vote of thanks for 
presenting to the Association a service flag which was hung in the 
hotel lobby. 

The recommendation of the Executive Committee advising remit- 
ting due of members in the military and naval service was discussed by 
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Messrs. Chester, Wiles, Kemble, Metcalf, Hatton, Cole and Diven. 
The Association votedsto concur in the recommendation. On motion 


t. Louis, May, 1918, by Miss 


Ss 
dgley, Assistant to the Secretary. 
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Made and presented to the Association at the convent 


of Henry B. Morgan, it was voted that if any members have been 
dropped from membership while in the service because of non-pay- 
ment of dues, such dues should be remitted and these members 
re-instated. 


ye 
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Geo. W. Fuller delivered an address, illustrated by lantern slides, 
explanatory of the emergency construction at the various canton- 
ments from the water works standpoint. The address was discussed 
by Messrs. Metcalf, Little, Werner and Fuller. 

On motion of F. C. Jordan, the following resolution was adopted by 
a unanimous rising vote: 


Reso.vep: That Vice President Cuddeback be requested to teiegraph te 
Ex-President Dabney H. Maury our deep sense of his valuable work in fur- 
therance of the prosecution of the war, and our congratulations upon the suc- 
cess of his patriotic and fruitful efforts, and the pledge of the American Water 
Works Association to codperate with Lieutenant-Colonel Maury in every way 
possible to still further develop and carry forward his plans. 


The Report of the Special Advisory Committee on Amendments to 
the Constitution was presented; it is printed on page 355. 

After discussion by Messrs. Metcalf, Chester, Wall and Henderson, 
the entire report of the Committee was concurred in and the several 
amendments as reported by them and distributed in printed form to 
the membership, were adopted as read. 

Tuesday Night, May 14, 1918. Geo. A. Johnson in pursuance of @ 
vote of the Executive Committee presented the following draft of a 
letter to Secretary McAdoo for consideration: 


St. Louis, Mo., May 14, 1918. 
Hon. William G. McAdoo, 
Secretary of the Treasury, 
Washington, D.C. 
Dear Str: 

The American Water Works Association, in convention assembled, con- 
templating with alarm the conditions existing with reference to difficulties 
experienced by its members during the past year in obtaining the materials 
essential to efficient and economical maintenance of satisfactory water serv- 
ice, is impelled to direct your attention to this extremely important matter 
and earnestly to express the hope that amelioration steps will be taken im- 
mediately that this highly essential branch of public service may not be 
allowed further to depreciate at the expense of increased public sickness, 
public discomfort, industrial inconvenience, faltering war activities and fire 
hazard. 

The American Water Works Association is a national organization with 
about 1300 members, representing every state, 481 towns and cities, 37,000,000 
persons in the United States, and water works in 18 foreign countries. It 
reports through its members—water works superintendents, commissioners, 
managers, engineers and operators,—increasing difficulties in construction, 
operation, and maintenance of their water works, and many examples fore- 
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boding menace to the public health and industrial war activities and of loss 
by fire due to impaired service. 

Our water works superintendents and managers complain of great diffi- 
culty in obtaining reasonably prom: deliveries of materials essential to the 
satisfactory operation and maintenance of the works in their charge; manu- 
facturers and builders of water works of futile results of applications to the 
Car Service Commission in efforts to obtain the delivery of materials without 
which the highly needed extensions or repairs to existing water works systems 
cannot be made. The situation is critical and merits immediate adjustment 
that the prosecution of the war be not hampered, nor the health and well 
being of the Nation be threatened, due to faltering or unsatisfactory water 
service. 

To this end we respectfully commend to your favorable action the ap- 
pended list of materials essential to the satisfactory and economical perform- 
ance of the water departments of America, and request that they be placed 
at once on the essential list, and furthermore that they actually be given all 
reasonable priority in transportation. 

Very respectfully, 
THE AMERICAN WATER WoRKS ASSOCIATION. 
By —————_, President. 


Approved by the Executive Committee 
Ratified by the Association in General Convention at St. Louis, Mo., May 


14, 1918. 
Secretary. 


On motion of Walter Edward Miller, seconded by Geo. W. Fuller, 
the recommendation of the Executive Committee was concurred in 
and the foregoing draft of letter approved, by unanimous vote. 

A discussion on the increased cost of operation of water works and 
the difficulties under which they are being managed under war con- 
ditions, was held, in which Geo. A. Johnson, J. G. Chester, N. T. 
Veatch, Jr., and Leonard Metcalf participated. 

E. R. Conant read a paper on “The Artesian Water Supply of 
Savannah, Ga.,” which was discussed by J. N. Chester and Walter 
E. Miller. 

In the absence of Louis L. Tribus, New York City, his paper on 
“Water Treatment Conditions at Council Grove, Kans.” was read 
by Geo. A. Johnson, and discussed by C. C. Young. 

Wednesday Morning, May 15. The President, Major Theodore 
A. Leisen, Q.M.R.C., officer in charge of utilities, Camp Custer, 
Mich., occupied the chair at this session and delivered the Annual 
Presidential Address, printed on page 250. 

The chairman of the Finance Committee, George A. Johnson, pre- 
sented its report, which is printed on page 376. In addition he gave in 
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detail the expenditures for the preceding year, so as to furnish the 
members with a full understanding of the proposed budget for the 
ensuing year. He further referred to the fact that there was a move- 
ment on foot to improve the character of the JouRNAL and allowance 
had been made for that, to be acted on by the incoming Executive 
Committee. On motion of J. N. Chester, the report was accepted 
and filed. 

Chairman of Publication Committee presented the report of that 
Committee which is printed on page 380. 

On motion of R. F. Johnson, the report was approved, especially its 
recommendations in regard to the JOURNAL. 

The report of the Committee on Revision of Standard Specifica- 
tions for Cast Iron Pipe and Specials, John H. Gregory, Chairman, 
was presented. It was the same report that was submitted at the 
Richmond Convention in May, 1917, and printed in the JourNat for 
September of that year, but was accompanied by a tentative draft of 
standard specifications printed on page 385 of this number. The 
report and specifications were sent to the members with a question- 
naire. In reply to these questions, 33 voted in favor of revising the 
present specifications and 13 against revision or questioned its use- 
fulness, 32 voted for and 12 against a uniform outside diameter, 26 
voted for and 11 against specifying chemical requirements, and 29 
voted for and 6 against specifying a relation between flexure and the 
breaking load. The report was discussed by E. E. Wall. H. B. Mor- 
gan, Leonard Metcalf, Walter Wood and T. A. Leisen, and at the 
close of the discussion it was voted to continue the Committee. 

The following were selected members of the Nominating Committee 
from the several districts, viz.: 

District 1. H. Hymmen, Kitchener, Ont. 

District 2. Harry F. Huy, Buffalo, N. Y. 

District 3. Chas. R. Wood, Philadelphia, Pa., and E. W. Hum- 
phrey, Erie, Pa. 

District 4. Henry B. Morgan, Peoria, IIll., and W. W. DeBerard, 
Chicago, 

District 5. J. A. Steele, Jr., Vicksburg, Miss. 

District 6. John A. Caulfield, Bismarck, N. D. 

In the voting for the next convention city, 114 votes were cast for 
Buffalo, and 52 votes for Detroit, and on motion of Mr. Wall, sec- 
onded by Major Leisen, the selection of Buffalo was made unanimous. 
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Albert P. Greensfelder, President American Society of Engineering 
Contractors, St. Louis, Mo., presented a paper on ‘“De-Hydrated 
Contracts.”” On motion of Mr. Wall, the President was directed to 
appoint a special committee to draft a standard form of contract and 
bond, to report at the next convention. 

Wednesday night, May 15. Jack J. Hinman, Jr., presented a 
paper on “‘Literature of Field Water Supply.” 

Robert B. Morse, and Abel Wolman presented jointly a paper on 
“The Practicability of Adopting Standards of Quality for Water 
Supplies,” which was discussed by Jack J. Hinman, Jr., C. Arthur 
Brown, and W.S. Cramer. 

On account of the lateness of the hour a paper on ‘Preliminary 
Analysis of the Degree and Nature of Bacterial Removal in Filter 
Plants,”’ by Abel Wolman, was read by title. 

Superintendent's day, Thursday morning, May 16. Vice President 
Cuddeback read the following telegram from Lieutenant-Colonel 
Maury: 


I am deeply grateful for message of congratulation and pledge of coépera- 
tion. The credit for whatever has been accomplished belongs tc the entire 
Construction Division with which I was lucky enough to be associated. 
Please convey to my friends and fellow-members my most cordial greetings 
and best wishes for success of convention. Nothing but the work here could 


prevent my being with you. 
Dasney H. Mavry. 


Discussion on experiences with frozen services, mains and meters 
during the severe winter of 1917-1918 was opened by Vice-President 
Cuddeback and papers on the same subject were presented from F. E. 
Kingsbury, A. R. Hathaway, John T. Metcalf, J. M. Diven, Samuel 
E. Killam, J. Walter Ackerman, William W. Brush, and Charles A. 
Windholz. In addition there was oral discussion by W. H. Randall, 
C. W. Wiles, Robert C. Wheeler, Dr. M. P. Conway, Walter Edward 
Miller, Dow R. Gwinn, H. Hymmen, C. W. Schiedel. James P. Flat- 
lay, F. T. Kemble, L. B. Landmann, Alvin Bugbee, Beekman C. 
Little, Wm. Luscombe, E. E. Davis, W. H. Randall, W. A. Judd, R. 
F. Johnson, A. F. Mellen, Wm. H. Henby, J. Arthur Jensen, and 
Henry P. Bohmann. 

Superintendents’ day, Thursday afternoon, May 16. Vice-Presi- 
dent Cuddeback read a letter from Wm. W. Brush, calling special 
attention to a questionnaire on frozen services and mains, sent to 
members of the New York Section, which Mr. Bettes requested to have 
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laid before the Convention. Mr. Brush stated that the New York 
Section would not feel hurt if the convention should decide to have 
a committee appointed representative of all sections to secure the 
desired information. 

Mr. Cuddeback referred to the extensive interest in frozen services 
and thought the subject could best be handled by a special committee 
to consider all of the papers presented and the discussions of the morn- 
ing. On motion of W. H. Randall, the appointment of such a com- 
mittee was authorized. The question as to whether it is advisable for 
the Association to adopt a standard form of electrical thawing machine 
was referred to the special committee just appointed. 

Thomas E. Flaherty presented a paper on “Office Records,” 
which was illustrated by lantern slides. 

Mr. Cuddeback showed lantern slides illustrating office records and 
the method of keeping them. 

F. M. Griswold addressed the convention, in reference to the 
national standard thread on all hose couplings and hydrant outlets. 

Mr. Cuddeback presented a paper on “Water Consumption,” 
illustrating it with lantern slides. 

Office records and consumption were discussed by E. R. Townsend, 
Chester R. McFarland, and E. E. Davis. 

Thursday night, May 16. A. V. Graf read a paper on “Some 
Aspects of Chemical Treatment at St. Louis Water Works,” which 
was discussed by Dow R. Gwinn. 

C. M. Daily read a paper on ‘The Double Forty-Eight Inch Mani- 
fold at Bissell’s Point,” illustrated by lantern slides. (No discussion.) 

L. A. Day read a paper on “The New 110,000,000 Gallon Pump 
at Chain of Rocks,” illustrated by slides. (No discussion.) 

Friday morning, May 17. By unanimous vote, and with applause, 
the following telegram was read and ordered published in the JouRNAL. 


France, May 17, 1918. 
President American Water Works Association, St. Louis, Mo. 

Greetings; Babbitt, Bartow, Bowles, Brennan, Buswell, Catlett, Ferguson, 
Fritze, Hale, Hadsen, Hawley, Hazlehurst, Lee, Letton, Mitchell, Murphy, 
Pugh, Roberts, Suter, Scharff, Walker, American Force. 

[SIGNED] LONGLEY. 


There being no one present representing the Committee on Stand- 
ard Specifications for Wrought Iron Pipe, the committee was dis- 
charged and the President authorized to re-appoint if found advisable 
all of the members of the present Committee. 
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Philip Burgess, chairman of Committee on Mechanical Analysis of 
Sand, sent a letter stating that a progress report had been prepared, 
which was accompanied by notes by other members of the Com- 
mittee; and on motion of Dow R. Gwinn this was referred to the 
Publication Committee. It is printed on page 345. 

The Committee on City Planning, presented no report, the Chair- 
man having resigned his membership in this Association. On motion 
of Mr. Gwinn, the committee was discharged, with thanks. 

A letter was read from Nicholas S. Hill, Jr., chairman of the Com- 
mittee on Private Fire Protection Service, advising that it had proved 
impossible to do anything during the present year by reason of several 
members of this committee being actively engaged on government 
work and unable to look after Association affairs. On motion, the 
Committee was discharged, and the president authorized to appoint a 
new Committee to undertake some positive action. A general dis- 
cussion followed on the subject of private fire protection service, 
participated in by W. J. Wills, J. M. Diven, W. H. Randall, Dow 
R. Gwinn, Chester R. McFarland, E. E. Davis, Henry B. Morgan, 
George C. Habermeyer, E. E. Wall, J. Walter Ackerman, C. W. 
Schiedel, and A. W. Cuddeback. On motion of Mr. Gwinn, sec- 
onded by C. R. McFarland, the following resolution was adopted 


unanimously : 


Resolved: That it is the sense of the American Water Works Association in 
Thirty-eighth Annual Convention assembled at St. Louis, Mo., May 14-17, 
1918, that private fire protection is valuable and should be paid for by those 
who enjoy this unusual privilege; that the Water Works Department or 
Company shall in all cases specify the size of the connections to be made with 
the water mains; that no permit be issued for private fire protection connec- 
tions without the approval of the Chief of the Fire Department; that all pri- 
vate fire protection lines shall be metered; that all those desiring private 
fire connections shall submit plans and blue-prints of the proposed lines 
through their factories or premises, and that no permit shall be issued for 
connection to the mains until such plans and blue-prints are filed with and 
duly approved by’ the Superintendent of the Water Department or Company; 
that in furnishing private fire protection the Water Department or Company 
does not guarantee to furnish the proper quantity of water through the fire 
protection services or to guarantee anything relative to such service; further 
that there shall be no connection between the fire protection services and any 
other source of supply. 


No report having been received from the Committee on Official 
Standards of Water Analysis, the question of whether the Committee 
should be continued was left to the discretion of the President. 
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The Committee on Classification of Technical Literature was dis- 
charged, with thanks for the work it had done. 

On motion of C. W. Wiles, the President was authorized to appoint 
a new Committee on Depreciation, the correspondence now in hand 
referring to this subject to be turned over to it. 

On motion of Water Commissioner Wall, St. Louis, Mo., a unani- 
mous vote of thanks was tendered to the United Railways Company 
of St. Louis for courtesies received. 

On motion of Secretary Diven a rising vote of thanks was tendered 
to the Local Committees and especially the Ladies’ Committees, for 
the way in which the visiting members and guests were entertained at 
St. Louis. 

W. A. Foley read a paper on “‘Some Phases of Distribution Work,” 
illustrated by lantern slides. The paper was highly commended by 
Chairman Cramer, and on motion of W. H. Randall a special vote 
of thanks was tendered the author. 


ILLINOIS SECTION 


The tenth annual meeting of the Illinois Section was held at 
Urbana on April16and17. In welcoming the Section, Vice President 
David Kinley of the University of Illinois made the significant 
statement that there were not the same numbers of students to be 
seen because about 1800 undergraduates had gone into war service. 
It might be added that of seventeen members residing in Champaign 
and Urbana five are now army officers and three are working directly 
for the government. The attendance was 43, small for an annual 
meeting of this Section and due, according to Chairman E. Mac- 
Donald, to the absence in government work or arduous war-time 
labors of many of the men hitherto prominent in the Section’s 
affairs. The treasurer reported that the Section was without 
indebtedness. 

The papers presented were as follows: 

‘Unusual Winter Conditions at Evanston,” I. C. Brower. 

“Homemade Thawing Machine,” F. C. Amsbary. 

‘““Water Waste Elimination; Methods and Results at Oak Park,’ 
H. P. T. Matte. 

‘Letters from the Front,’ W. W. DeBerard. 

“Storage of Coal,” Prof. H. H. Stock. 

“Reclamation,”’ Prof. F. H. Newell. 
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“Water Supply and Sanitation at Government Camps,” S. A. 
Greeley. 

“Some Tests of Electrically Operated Deep-Well Pumps,’’ P. S. 
Biegler and I. W. Fisk. 

“Some Recent Sewage Treatment Work,” W. D. Hatfield. 

“The Property of Certain Water, with Reference to their Action 
on Metals,” Prof. S. W. Parr. 

“Reinforced Concrete Pressure Pipe,’ Coleman Meriwether. 

“Pollution and Fish Life,’”’ Prof. Victor Shelford. 

The Secretary, G. C. Habermeyer, reported that the Section had 
110 active members, 1 corporate member and 14 associate members 
on April 16, 1918. 

In the election of officers W. W. DeBerard was chosen chairman, 
W. E. Lautz vice-chairman, H. E. Keeler treasurer, and F. C. 
Amsbary trustee. H. M. Ely was elected trustee to fill the unex- 
pired term of Mr. Lautz. 

During the meeting the annual dinner was served at Hotel Beard- 
sley, the University student brigade was reviewed, and a visit paid 
to Chanute Field aviation school. 

The following resolution was adopted: 


Wuereas, Circular No. C. 8. 1-A, issued March 26, 1918, by the United 
States Railroad Administration states that liquid chlorine, alum, sulphate of 
iron and similar chemicals are exempt from embargo when to be used for puri- 
fication of public water supplies and consigned to municipal authorities, and 

WHEREAS, it is apprehended that some local railroad officials may interpret 
the wording ‘‘municipal authorities’ too strictly in case of private owner- 
ship of plants, and 

Wuereas, other materials in addition to chemicals are just as essential to 
the proper protection of the health and property of the community, Therefore 
be it 

Resolved, that the Illinois Section of the American Water Works Associa- 
tion recommend to the American Water Works Association that it take up 
the matter of relief in shipments of materials for the maintenance and opera- 
tion of public water supplies by requesting United States Railroad Adminis- 
tration, Division of Transportation, Car Service Section, for priority of such 
materials and supplies. 


OBITUARY NOTICES 


B. F. Souder, Superintendent of Distribution, Atlantic City, 
N. J.; elected June 24, 1913; died May 23, 1918. 

William R. Hill, Consulting Engineer, Albany, N. Y.; elected 
member, June 9, 1897; died June 16, 1918. 
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TREASURER’S REPORT 


Troy, N. Y., March 31, 1918. 
Permit me to submit my report as Treasurer of The American 
- Water Works Association for the year ending March 31, 1918. 
The funds of the Association are on deposit with The Troy Trust 
Company, Troy, N. Y. 
The receipts during the year were as follows: 


Received from J. M. Diven, Secretary................... 10,568 .01 
Disbursements as per vouchers, cancelled checks and 


The disbursements include $5,000.00 used for the purchase of 
United States Liberty Bonds for the Permanent Fund. 

Attached you will find certificate of The Troy Trust Company 
showing a deposit of $1,511.80 at the close of business March 30, 
1918. 

From this balance there should be deducted the following for 
unreturned checks. 


Unreturned checks 
V785—Ck. 955 A. C. Schmidt.................... 11.50 
793—Ck. 963 Nora Pederson.................... 3.00 
794—Ck. 964 H. A. Whittaker.................. 5.85 
795—Ck. 965 Williams & Wilkins Co............ 3:75 $24.10 


The receipted vouchers, cancelled checks and debit slips with the 
book of the Treasurer are submitted for audit. 
The Permanent Fund now consists of the following: 


4-$1,000. Dominion of Canada 15 yr. 5% Bonds. (no. 


2-$1,000. Am. Foreign Sec. Co. 3 yr. 5% Notes. (M- 


4-$500. U.S. Liberty Loan of 1917 3-% Bonds. (113880- 
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1-$1,000. U.S. Liberty Loan of 19174% Bond. (114824)... $1,000.00 
1-$2,000. U.S. Certificate of Indebtedness 4-}%......... $2,000 .00 


Par value of permanent fund.............:.............. $11,000 .00 


The Treasurer receives no salary and is under bond as per the 
order of your Committee. 
James M. Carrp, 
Treasurer. 


Tue Troy Trust 


Troy, N. Y., March 30, 1918. 
This is to certify that at the close of business March 30th, 1918, the balance 
to the credit of the American Water Works Association was Fifteen Hundred 
Eleven and 80/100 Dollars ($1,511.80). 
Harotp K. Downina, 
Vice-President. 


REPORTS OF COMMITTEES 
REPORT OF EXECUTIVE COMMITTEE 


The present Executive Committee met for organization following 
the announcement of the election of officers at the convention at 
Richmond last May, and elected John M. Diven, secretary, John 
M. Goodell, editor, and George A. Johnson, chairman of the Finance 
Committee. 

A meeting of the Executive Committee was held at the Hotel 
Astor, New York City, on December 1, 1917, at which the chairman 
of the Constitutional Revision Committee reported. All members 
of the Executive Committee, with the exception of Mr. Rust, were 
present. The proposed revision of the Constitution was thoroughly 
discussed, and a final revision was agreed upon for submission to this 
convention. 

At the request of the American Society of Mechanical Engineers, 
Nicholas 8. Hill, Jr., with John N. Chester as alternate, was ap- 
pointed as a representative to attend the public hearing on the 
Power Test Codes of that Society held in New York City, December 
7, 1917. 

The honor roll was brought up for discussion, and it was decided 
to include in this roll not only the members but also the sons and 
daughters in service, and to print the honor roll in the JouRNAL, 
and to display in a conspicuous place at the convention a service 
flag. Mr. Diven announced that Miss Edgley, his assistant, desired 
to furnish a service flag for the Association. The Executive Com- 
mittee accepted the offer with gratitude, and now suggests that a 
vote of thanks by the convention for this very much appreciated 
service to the Association would be appropriate. 

The following resolution was adopted: 


ResotvepD: That the Executive Committee recommends to the Association 
that the dues of all members entering the service of the Army or Navy of the 
United States, or its Allies, be remitted during the period of the war. 


Mr. Kienle appeared before the Executive Committee to ask for 
a definition of its policy with regard to the giving of badges to 
375 
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associate members who are not members of the Manufacturers’ 
Association, and to guests. The Executive Committee informed 
him that it could not discriminate betweén associate members who 
were and who were not members of the Manufacturers’ Association, 
and that the associate members’ badge must be given to all associate 
members on application, regardless of the Manufacturers’ Associa- 
tion; that the Manufacturers’ Association might if it so wished add to 
the regular badge of associate members some distinctive mark which 
would indicate that an associate member was also a member of 
the Manufacturers’ Association; that while the Executive Com- 
mittee believed it advantageous generally for associate members to 
become members also of the Manufacturers’ Association, it could 
take no action directed to forcing associate members to become also 
members of the Manufacturers’ Association; that in view of the 
growth in importance of the convention to the technical press, as 
indicated by the increased number of its representatives present at 
the convention, it was of the opinion that it would be desirable for 
the various publications having representatives in the Association 
to become associate members; but that the standing of the represen- 
tatives of the press who were already or who might become active 
members of the Association would be in no wise affected by this 
action, and that it was clearly the sense of the Executive Committee 
that the guest privilege should not be asked for the additional 
representatives of associate members wishing to attend the conven- 
tion with commercial ends in view. 
ALLAN W. CUDDEBACK, 
Chairman. 


REPORT OF THE FINANCE COMMITTEE FOR THE 
YEAR ENDING MARCH 31, 1918 


The Finance Committee present the following report on the 
financial operations of the Association for the year ending March 
31, 1918: 

We have audited the books of the secretary and treasurer and 
found them correct. We have examined and verified all vouchers. 
Details of the financial operations of the Association, and the vari- 
ous funds and accounts, are fully set forth in the respective reports 
of the secretary and treasurer, and are in accord with their books. 
Following is a summarized statement of the past year’s accounts: 
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Summarized statement of accounts for the fiscal year ending March 31, 1918 


Balance on hand in bank on April 1, 1917............ $3,262 . 36 
Received from the Secretary............. aieeaes 10,568 .01 
Interest on investments. 335.00 


There has been disbursed and paid by the Treasurer 
on vouchers duly authorized and audited by the 
Finance Committee for the general operations of 


There was added to the permanent Investment fund.. $5,000.00 
Leaving on April 1, 1918 a balance in bank to the 
credit to the Association of.................0005 $1,487.70 


PERMANENT INVESTMENT FUND 


T here are now in the hands of the Treasurer, in accordance with 
the authority granted the Finance Committee by the Executive 
Com mittee, securities constituting the Permanent Investment Fund 
of the Association, as follows: 


Four $1000 Dominion of Canada 5% bonds, due April 1, 


Two $1000 American Foreign Security Company 5% notes 


Four $500 United States First Liberty Loan Bonds, 33%. 2,000.00 
One $1000 United States Second Liberty Loan Bond, 4%. 1,000.00 
One $2000 United States Certificate of Indebtedness, 44% 2,000.00 
Par value of Permanent Investment Fund................ $11,000.00 


On April 1, 1917, there was a balance of $3,262.36 cash in bank. 
As against this the former Finance Committee had subscribed to 
the first issue of Liberty Loan Bonds in the amount of $2,000. 
These were taken up and paid for during the past fiscal year as 
noted above, and other additions, totalling $3000, were made to 
the permanent investment fund. At the beginning of the past 
fiscal year the par value of the permanent investment fund was 
$6,000. At present it is $11,000. 


BUDGET: ALLOWANCES AND DISBURSEMENTS 


The budget allowance voted by the Executive Committee for the 
past fiscal year amounted to a total of $11,175. 
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That the expenditures against no item in the budget for 1917-18 
exceeded the allowance is a cause for some gratification. In detail 
it may be recorded that the convention expenses at Richmond 
were moderately low. Office expenses for the year were kept well 
within the allowance. Election expenses were approximately equal 
to the allowance. 

Disbursements for committee expenses amounted to but 32 per 
cent of the allowance. The expenses of the Executive Committee, 
amounting to a total of $380.44, and occasioned by a meeting held 
in New York on December 1, 1917, were borne by the committee, 
each member paying his pro rata share. 

Disbursements for section expenses were well within the allow- 
ance. The salaries of the secretary and editor are fixed by the 
Executive Committee, and the disbursements and allowances 
consequently balance. 

The allowance for printing the JouRNAL was made somewhat 
more liberal last year in anticipation of increased postal rates and 
printing charges. These increases did not materialize, and the 
expenditures against this item amounted to but 60 per cent of the 
allowance. Expenditures under the contingencies item were re- 
stricted to efforts to increase the membership. 

Respecting the budget for the fiscal year 1918-1919, the recom- 
mended allowances are made on the assumption that the proposed 
constitutional amendments will be ratified at the St. Louis meeting. 


Recommended budget for the year 1918-1919 


Extraordinary expenses of the secretary, treasurer and 

Printing and distributing 5,500.00 


Respecting the suggested budget we have the following com- 
ments to make: 


— 
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The allowance for election expenses has been made somewhat 
larger than last year in order to meet the added expense anticipated 
by the new procedure in electing officers, necessitating considerable 
additional printing and postage. 

On the assumption that the constitutional amendments are ratified 
at the St. Louis meeting, members of the Nominating and Conven- 
tion Committees are to be reimbursed for travelling expenses. In 
the suggested budget we have estimated such expenses of the Nomi- 
nating Committee meeting at $280, and those of the Convention 
Committee at $120. The balance of the allowance for Committee 
expenses, amounting to $600, should be sufficient to defray the cost 
incurred for stenographic services, printing and postage by all other 
committees, including the Additional Membership Committee and 
Committee on Superintendents Convention Expenses, if such com- 
mittees are appointed. We believe an allowance of $250 ample for 
the expenses of the former, and $100 for those of the latter. 

In lieu of increasing the salaries of the secretary and editor, it 
has seemed to us wiser to provide a new item in the budget to take 
care of extraordinary expenses of these officers who at present pay 
their own expenses when attending the annual conventions and other 
committee meetings where their presence is requested. The sala- 
ries paid the secretary and editor are not much more than enough 
to defray the cost of such assistance as they require in the perform- 
ance of their duties, and it would seem only fair that the Association 
should make suitable provision for their expenses incurred in attend- 
ing annual and called meetings, and at times when they are obliged 
to engage the services of additional stenographic assistance, that 
they may not be required actually to contribute more than their 
own time while serving the Association. Accordingly we have 
introduced an item in the budget under the head of Extraordinary 
Expenses of the Secretary, Treasurer and Editor to cover these 
expenses, and hope that our action will be approved. 

In the work of our committee during the past year we have carried 
all accounts on budget depletion sheets, and have found it very 
helpful to thus have constantly before us a convenient and accurate 
statement of drafts against and credit balance in each item. 

The operations for the past three years have shown an average 
surplus of nearly $3,000. A well organized plan of campaign for 
new members would, we believe, result in positive assurance that 
this annual surplus will be not only maintained but increased 
materially. 
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A better journal, that is, one containing a selection of high grade 
papers covering a wide variety of subjects, such as can well be 
obtained through judicious soliciting by the Publication Com- 
mittee, will increase the revenue from subscriptions and advertise- 
ments. These are important items, and it must not be forgotten 
that a high grade journal will not only hold existing members but 
serve a material purpose in any campaign for getting new members. 

The treasurer is now under bond for $10,000, as per order of the 
Executive Committee. 

In conclusion we desire to express our appreciation of the hearty 
coéperation we have received from the secretary and treasurer, 
and other officials of the Association, and to state our gratification 
over the harmonious manner in which it has thus been made possible 
for us to perform our duties. 

GeorGE A. JoHNsoNn, Chairman. 
J. SMITH, 
FRANK A. BARBOUR. 

Finance Committee. 


REPORT OF THE PUBLICATION COMMITTEE FOR 
THE YEAR ENDING MARCH 31, 1918 


The Publication Committee was not organized until late in the 
year, but since then has been giving much thought to the JouRNAL. 
As a result of its deliberations, the Committee recommends to its 
successor a more active endeavor to increase the value of the Jour- 
NAL to our members and to all interested in water supply. This 
quarterly publication is the sole direct return many of our members 
receive from their dues, and the Publication Committee should make 
every practicable effort to have this return as large and useful as 
the funds at its disposal permit. The present Committee believes 
that material improvements can be made with very little additional 
expense, provided the members of the Association will coéperate. 
This is particularly important because, by a modification of some of 
our existing methods of conducting our meetings, the usefulness of 
our papers to our members can be materially increased, sectional 
meetings can be broadened, and our printed records made more 
representative of the thought of our entire Association. 

The present Committee feels very strongly the importance of 
this subject, because it is so closely related to the purpose of the 
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Association to be American in fact as well as in name. In these 
grim days of lofty purpose and most earnest endeavor, when 
America is giving her all in a cause for which the only possible 
result of complete success is freedom for all nations, great and 
small, from the domination of a military autocracy, we must leave 
untried no means of improving the service we can render the com- 
munities we serve. Without the adequate supply of wholesome 
water which it is our business, our duty, to furnish, all our industry 
would falter and the prosecution of the war would suffer. We are 
soldiers who serve at home, and we must serve the best we can in 
this way. 

The best service is only practicable when those striving to render 
it have at their disposal the experience and opinions of all similarly 
engaged. The JourRNAL of the American Water Works Association 
ought to furnish that information. It is not doing so now to the 
extent it should, and your Committee believes the material improve- 
ment of the JouRNAL is one of the duties of the incoming officers 
which should receive careful attention. 

It is quite commonly said that water works construction and 
management have become so standardized that nothing new, noth- 
ing really helpful in a broad sense, is practicable. Your Committee 
dissents strongly from such a view. Whether a water department is 
bubbling with vitality or stagnant with mere routine depends 
largely on the enthusiasm of those at its head. Standardization is 
a valuable feature of administrative organization, but standardiza- 
tion for all time, never changing routine, is a sure indication of 
senility. “Only the minds of fools stand still.”” What we have 
to do as an Association is to keep our individual members animated 
with the knowledge of all the progress in our field, and those who 
say there is no progress worth mentioning in our field, asperse the 
thousands of men earnestly striving to serve our communities more 
efficiently, more economically and more intensively. 

Unfortunately a considerable part of the progress of our industry 
is essentially and necessarily slow. Somebody takes a step for- 
ward here, another there, a third yonder, and so on until the knowl- 
edge of these little advances becomes generally distributed, and we 
wake up to the fact that the advance has been substantial. For 
instance, take the progress in sanitary drinking fountains. A few 
years ago attention was called to the probability that some of these 
fountains were sanitary only in name. Tests of them were made in 
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a few places, but it was not until a committee of our Iowa sec- 
tion started an investigation of the subject that sanitarians and 
water works superintendents realized to any extent that there are 
“sanitary” drinking fountains which are a distinct menace to 
health, comparable as such with the public drinking cup. The 
report of the special committee on sanitary drinking fountains of 
the Iowa Section will be printed next month in the JouRNAL, and 
may be taken as a good example of the kind of work which shows 
that water works administration is not to be classed with driving 
the cows to pasture but calls for wide knowledge, good judgment 
and “pep.” 

The present Publication Committee is convinced that much 
more work like that of the committee just mentioned should be 
done. It therefore requests this convention to authorize the Presi- 
dent to appoint from time to time such special committees to report 
on features of water works practice as the president and Publication 
Committee deem desirable, these committees to report to the Publi- 
cation Committee. If the reports are considered by the Publication 
Committee to be in form for discussing, copies should be sent to the 
secretary of each section, if received early in the Association’s year, 
so that they may be discussed by each section. If received late in 
the year they can be presented at the annual convention. 

.This recommendation is made for two reasons. First, it will 
enable the Publication Committee to start committee work promptly 
when it is desirable to place the results of that work before the 
members as quickly as possible. Second, it will enable the Publi- 
cation Committee to be of greater service to the Sections by aiding 
them in securing reports on timely topics for their meetings. It 
will tend to increase the interest in the Sections, to animate the 
Association and thus increase its membership. The success of the 
work will depend on the members of these special committees, but 
it is believed they will not fail, for the topics will be live issues and 
not pedantic platitudes, such as have killed so many of our com- 
mittees in the past. 

The present Publication Committee also strongly advises its 
immediate successor to secure papers from individuals known to 
have made investigations or had experiences of interest to water 
works officials. The essential purpose of this Association is to 
help the American people secure wholesome water at the lowest 
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cost. This calls for engineering, chemical and bacterial knowledge, 
skill in construction and administrative ability. There are various 
associations and publications supplying a record of progress in some 
parts of this list, but there is no organization and no publication, 
even our own, that has the firm grip on the water works field of 
activity which is desirable from the viewpoint of good municipal 
administration. Our JouRNAL must be strengthened by becoming 
a record of live things, a record of what we are striving for as well 
as what we have done, before it will itself become really alive. And 
the only way for it to become alive is to secure the coéperation of 
those men whose work is resulting in progress. By this we do not 
mean merely progress in great problems, but progress in the minor 
but often very perplexing smaller tasks of the water works official. 

By requesting papers from individuals able to make useful con- 
tributions to the JouRNAL, and by securing the assistance of com- 
mittees where it is necessary to make comprehensive investiga- 
tions of a subject, it will be practicable to serve the members better 
than by following the old publication policy of printing only papers 
originating in the annual convention or the meetings of the sections. 
The last Publication Committee considered these methods of im- 
proving the JouRNAL, but hesitated about adopting them on account 
of the possibility of overstraining the financial budget of the Com- 
mittee through an excessive amount of material for publication. 
It was justified in this fear by the needlessly long and detailed 
character of part of the material submitted for publication. The 
present Publication Committee does not have the same fear, because 
it believes that the time has come for materially condensing some 
of the papers it receives. It is not the quantity but the quality of 
the information in the JouRNAL that will make it most interesting 
and most useful. Papers that are interesting locally may have 
only parts of general interest, and the Publication Committee 
believes that those parts of local interest can be omitted without 
material loss. This pruning may cause some members to feel 
injured, to think that it is not worth while writing papers if they 
are to be cut up and boiled down. Yet this must be done, not 
only to make the JouRNAL more widely interesting but also to 
save the time of members who wish to read everything about real 
progress in water works affairs but wish to be saved the task of 
picking the wheat of utility from the chaff of merely local interest. 
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If we can make the JouRNAL more useful, more authoritative. more 
comprehensive in scope, more alive, we can secure more members 
and, with greater membership, wield more influence for those im- 
provements needed to give our people all the good water they need. 

GrorGe A. JoHNSON, Chairman. 

Wm. W. Brusu, 

H. W. CuppEBACK, 

JaMES W. ARMSTRONG, 

JoHN M. GoopE.u, Editor. 

Publication Committee. 


TENTATIVE DRAFT OF PROPOSED STANDARD 
SPECIFICATIONS FOR CAST IRON PIPE 
AND FITTINGS! 


DESCRIPTION OF PIPE 


Section 1. The pipes shall be made with bell and spigot ends or 
with flange ends and shall conform accurately to the dimensions 
given in Tables Nos........ They shall be straight 
and shall be true circles in section, with their inner and outer sur- 
faces concentric, and shall be of the specified dimensions in outside 
diameter. 

Bell and spigot pipes shall be at least 12 feet in laying length, exclu- 
sive of the bell, and flange pipes shall be at least 12 feet in length face to 
face of flanges. 

All classes of pipe of each size shall have the same outside diameter. 
All pipes having the same outside diameter shall have the same 
inside diameter at both ends. 

The inside diameter of the lighter pipes of each standard outside 
diameter shall be gradually increased fora distance of about 6 inches 
from each end of the pipe barrel, so as to obtain the required stand- 
ard thickness and weight for each size and class of pipe. 


DESCRIPTION OF FITTINGS 


Section 2. There shall be two types of standard fittings, known as 
“ Bell Fittings” and “ Flange Fittings.”’ Fittings having bell or spigot 
ends, or both, but no flange end or ends, shall be known as “ Bell Fit- 
tings.’ Fittings having one or more flange ends shall be known as 
“Flange Fittings.” 

All fittings shall be made in accordance with the cuts and dimensions 
given in the tables forming a part of these specifications. They shall 
be true circles in section with their inner and outer surfaces concentric 


1 Submitted to the St. Louis convention May 15, 1918. 
Changes from present New England and American specifications are in 
italics. 
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on both run and outlet, except where intersections prevent. On all 
fittings the outside diameter of the barrel on each outlet shall be the 
same as the outside diameter of the pipe of corresponding size. 

For pipes from 4 to 20 inches in diameter, inclusive, one class of 
fittings known as Class D fittings shall be furnished for all classes of 
pipe. For pipes over 20 inches in diameter, two classes of fittings, 
known respectively as Class AB and CD fittings, shall be furnished, 
Class AB fittings for Class A and Class B pipes, and Class CD fittings 
or Class C and Class D pipes. 

Any fitting not shown in the tables hereto attached shall be known as 
a “Special Fitting.”’ 


VARIATION IN DIAMETER OF BELLS AND SPIGOTS 


Section 3. Especial care shall be taken to have the bells and 
spigots of the required size. The bells and spigots will be tested by 
circular gages, and no pipe or fitting will be accepted which, for any 
cause, does not comply with the specified joint space, except as herein- 
after allowed. 

The inside diameters of the bells and the outside diameters of the spigot 
ends of pipes shall not vary from the standard dimensions by more 
than 0.06 inch for pipes 16 inches or less in diameter; 0.08 inch 
for pipes 18, 20 and 24 inches in diameter; 0.10 inch for pipes 
30, 36 and 42 inches in diameter; 0.13 inch for pipes 48, 54 and 
60 inches in diameter; and 0.18 inch for pipes 72 and 84 anches in 
diameter. 

The inside diameters of the bells and the outside diameters of the 
spigot ends of the fittings shall not vary from the standard dimensions 
by more than 0.08 inch for fittings 16 inches or less in diameter; 
0.10 inch for 18-, 20-, and 24-inch fittings; 0.18 inch for 30-, 36-, 
and 42-inch fittings; 0.16 inch for 48-, 54- and 60-inch fittings; and 
0.20 inch for 72- and 84- inch fittings. 


VARIATION IN THICKNESS 


Section 4. For pipes whose standard thickness is less than 1 
inch the thickness of metal in the body of the pipe shall not vary 
more than 0.08 inch from the standard thickness, and for pipes 
whose standard thickness is 1 inch or more, the variation shall not 
exceed 0.10 inch., except that for spaces the length across which in 
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any direction does not exceed 8 inches, a decreased thickness not exceed- 
ing 0.02 inch will be permitted, and for spaces the length across 
which does not exceed 16 inches in any direction, an increased thickness 
not exceeding 0.05 inch will be permitted—both in excess of the 
allowances above stated. 

For fittings, a variation 50 per cent greater than that allowed 
for pipes shall be permitted. 


ALLOWABLE PERCENTAGE OF VARIATION IN WEIGHT 
Section 5. No pipe shall be accepted, the weight of which 
shall be less than the standard weight by more than 5 per cent 
for pipes 16 inches or less in diameter and 4 per cent, for pipes more 
than 16 inches in diameter, and no excess above the standard weight 
of more than the above given percentages for the several sizes shall 
be paid for. The total weight of pipe to be paid for shall not ex- 
ceed, for each size and class of pipe received, the sum of the stand- 
ard weights of the same number of pieces of the given sizes and 
classes by more than 2 per cent. 

No fitting shall be accepted, the weight of which shall be less than 
the standard by more than 10 per cent for fittings 12 inches or less 
in diameter and 8 per cent for larger sizes (except that curves and 
Y-branches may be 12 per cent below the standard weight); no 
excess above the standard weight of more than the above given per- 
centages for the several sizes shall be paid for. The total weight of 
fittings to be paid for shall not exceed the sum of the standard weights 
of the same number of pieces of the given sizes and classes by more 
than 5 per cent. 


QUALITY OF IRON 


Section 6. All pipes and fittings shall be made of cast iron of 
good quality and of such character as shall make the metal of the 
casting strong, tough, and of even grain, and soft enough satis- 
factorily to admit of drilling and cutting. The metal shall be made 
without the admixture of any inferior material, and shall be remelted 
in cupola or air furnace. 

The contractor shall furnish the engineer with copies of the mall 
analyses of each heat or run of metal, and shall furnish samples to the 
engineer for check analyses when required. 
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The metal for the pipes and fittings shall fulfil the following chemical 
requirements: Total carbon, 3 to 3.75 per cent; combined carbon, 
0.5 to 0.75; silicon, 1.6 to 2; manganese, 0.35 to 0.55; phosphorus, 
not to exceed 0.90; sulphur, not to exceed 0.10 per cent. 


TESTS OF MATERIAL 


Section 7. Specimen bars of the metal used, each being 26 
inches long by 2 inches wide and one inch thick, shall be made, with- 
out charge, as often as the engineer may direct, and in default of 
definite instructions the contractor shall make and test at least one 
bar from each heat or run of metal. The bars, when placed flat- 
wise upon supports 24 inches apart and loaded in the center, shall 
support a load of 2000 pounds, and show a deflection of not less than 
0.82 inch before breaking, and an increase in deflection of not less 
than 0.08 inch for each 200 pounds of ultimate breaking load in excess 
of 2000 pounds. 

The contractor shall have the right to make and break three bars from 
each heat or run of metal, and the test shall be based upon the average 
results of the three bars. Should the dimensions of the bars differ from 
those above given, a proper allowance therefor shall be made inthe results 
of the tests. 


CASTING OF PIPE 


Section 8. The pipes shall be cast in dry sand molds in a verti- 
cal position. Pipes 16 inches or less in diameter may be cast with 
the bell end up or down, unless otherwise specified by the purchaser. 
Pipes 18 inches or more in diameter shall be cast with the bell end 
down. 

The pipes shall not be stripped or taken from the pit while show- 
ing color of heat, but shall be left in the flasks for a sufficient length 
of time to prevent contraction by subsequent exposure. 


QUALITY OF CASTINGS 


Section 9. The pipes and fittings shall be smooth, free from 
scales, lumps, blisters, sand holes and defects of every nature which, 
in the opinion of the engineer, unfit them for the use for which they 
are intended. No plugging or filling will be allowed. 
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MARKING 


Section 10. Each pipe and fitting shall have distinctly cast upon 
it the initials of the maker’s name, a letter designating the class to 
which the casting belongs, and figures showing the year in which it was 
cast. When cast to order, if required by the purchaser, each pipe and 
fitting 6 inches or more in diameter shall also have cast upon it a serial 
number, designating the order in point of time in which it was cast, 
the serial number to be placed below the date, thus: 


1916 1916 1916 
1 2 3 
etc., and any initials, not exceeding four, or a symbol, which may be 


required. 

The letters and figures shall be cast on the outside, and shall be 
not less than 2 inches in length and }? inch in relief for pipes and 
fittings 10 inches in diameter and larger. For smaller sizes of 
pipe, the letters may be 1 inch in length. The weight, serzal number, 
and class letter shall be conspicuously painted in white on the inside 
of each pipe and fitting after the coating has become hard. 


DEFECTIVE SPIGOT ENDS MAY BE CUT 


Section 11. Defective spigot ends on pipes 12 inches or more in 
diameter may be cut off in a lathe, and half-round wrought-iron 
or mild-steel band, shrunk into a groove, cut at the end of the pipe. 
Not more than 12 per cent of the total number of accepted pipes of 
each size shall be cut and banded, and no pipe shall be banded which 
is less than 11 feet in length, exclusive of socket. 

Pipes may be cast with shrink-head above spigot bead, and such 
ptpe shall not be considered as cut pipe in determining the percentage 
above referred to. 

In case the length of pipe differs from 12 feet, the standard weight 
of the pipe given in Table shall be modified in accordance therewith. 


FLANGES 


Section 12. Flanges shall be cast solid and shall be accurately 
faced smooth and true. Holes for bolts or studs shall be drilled, and the 
flanges shall be tapered where required. The contractor shall furnish 
and deliver all bolts and nuts for bolting on manhole covers. The 
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bolts and nuts shall be of the best-quality wrought iron or mild steel, 
with good, sound, well-fitting threads, the nuts to be cold punched. The 
heads and nuts shall be hexagonal and shall be trimmed and chamfered. 
The heads, nuts and threads shall be of the United States Standard 

sizes. 


CLEANING AND INSPECTION 


Section 13. All pipes and fittings shall be thoroughly cleaned 
and subjected to a careful hammer inspection. No casting shall 
be coated unless entirely clean and free from rust, and approved 
in these respects by the engineer immediately before being coated. 


COATING 


Section 14. Every pipe and fitting shall be coated inside and out 
with coal-tar pitch varnish. Each pipe and fitting shall be heated to 
a uniform temperature of 320° F., in a sustable oven, before it is dipped, 
and the material in the tank shall also be maintained at this tempera- 
ture, and each pipe and fitting shall be kept in the bath for at least 
five minutes, during which time the temperature of all parts of the bath, 
including the bottom, shall be as specified. 

After removing the pipe from the bath, it shall be suspended or set in 
a vertical position until the coating has solidified. 

The coating shall be of pitch, made from coal tar, distilled until the 
naphtha is removed, and sufficient oil to make a smooth coating, tough, 
elastic, strongly adhesive to the metal, tough and tenacious when cold, 
and not brittle nor with any tendency to scale off. Coating shall not be 
soft enough to flow when exposed to summer heat, nor brittle enough to 
crack and scale when exposed to a temperature below freezing. 

The pitch shall be straight-run, coal-tar pitch, which shall soften at 
60°F. and melt at 100°F., being a grade in which distillate oils, dis- 
tilled therefrom, shall have a specific gravity of 1.05. The pitch shall 
not contain less than 10 per cent nor more than 18 per cent of free 
carbon. 

Fresh pitch and oil shall be added to the tank when necessary to keep 
the mixture of the proper consistency. The oil used for this purpose 
shall consist of heavy, coal-tar oil, with a specific gravity of not less 
than 1.04 at 60°F ., and which shall not lose more than 5 per cent of 
otl when distilled up to 400°F.; not more than 40 per cent of oil when 
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distilled up to 450°F. If the material in the tank thickens or deterio- 
rates when used, the tank shall be emptied of its contents and refilled 
with fresh material when deemed necessary by the engineer. 

Fittings which are too large to be immersed shall be coated with hot 
varnish by hand, the fittings to be heated as specified above and the 
coating applied immediately thereafter. 

Faces of flanges and finished surfaces shall be coated with a mixture 
of grease and white lead immediately after they have been faced and 
drilled. 

Any pipe or fitting that is to be recoated shall first be thoroughly 
scraped and cleaned. 


HYDROSTATIC TEST 


Section 15. When the coating has become hard, the pipe shall 
be subjected to a proof by hydrostatic pressure, and if required by 
the engineer, they shall also be subjected to a hammer test under 
this pressure. 

The pressures to which the different sizes and classes of pipe shall 
be subjected are as follows: 


HYDROSTATIC PRESSURE POUNDS PER 
SQUARE INCH 


Diameter less than Diameter 20 inches 
20 inches and ver 


300 


The full hydrostatic pressure shall be applied to the pipes for one 
minute on pipes 12 inches and less diameter; for two minutes on 14-, 
16-, 18-, 20- and 24-inch pipes; for three minutes on 36-inch pipes; 
and for five minutes on pipes larger than 36 inches in diameter. 
Fittings shall also be subjected to a proof by hydrostatic pressure, 
provided the same is specified in the contract. If tested, the hydrostatic 
pressures to which the fittings shall be subjected shall be the same as 
those to which pipes of the same size and class would be subjected and 
shall be applied for the same length of time. 
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WEIGHING 


Section 16. The pipes and fittings shall be weighed for payment 
under the supervision of the engineer after they have been coated. 
If desired by the purchaser, the pipes and fittings shall be weighed 
after their delivery. The weight so ascertained shall be used in the 
final settlement, provided such weighing is done by a legalized weigh 
master. The cost of weighing after delivery shal! be borne by the 
purchaser. 

Bids shall be submitted and final settlement made upon the basis 
of a ton of 2000 pounds. 


CONTRACTOR TO FURNISH MEN AND MATERIAL 


Section 17. The contractor shall provide all tools, testing ma- 
chines, materials and men necessary for the required testing, inspec- 
tion and weighing at the foundry of the pipes and fittings, and 
should the purchaser have no inspector at the foundry, the contrac- 
tor shall, if required by the purchaser, furnish a sworn statement 
that all of the tests have been made as specified, this statement to 
contain the results of the chemical and physical tests. 


POWER TO INSPECT 


Section 18. The engineer shall be at liberty at all times to in- 
spect the material at the foundry and the molding, casting and coat- 
ing of the pipes and fittings. The forms, sizes, uniformity and con- 
ditions of all pipes and fittings herein referred to shall be subject to 
his inspection and approval, and he may reject, without proving, 
any pipe or fitting which is not in conformity with the specifications 
or drawings furnished. 


INSPECTOR TO REPORT 


Section 19. The inspector at the foundry shall report daily to 
the contractor all pipes and fittings rejected, with the causes for 
rejection. 


CASTINGS TO BE DELIVERED SOUND AND PERFECT 


Section 20. All pipes and fittings shall be delivered in all respects 
sound and conformable to these specifications. The inspection shall 
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not relieve the contractor of any of his obligations in this respect, 
and defective pipes or fittings which may have passed the engineer 
at the foundry or elsewhere shall be at all times liable to rejection, 
when discovered, until the final completion and adjustment of the 
contract, provided, however, that the contractor shall not be held 
liable for pipes or fittings found to be cracked after they have been 
accepted at the agreed point of delivery. Care shall be taken in 
handling the pipes and fittings not to injure the coating, and no 
pipes, fittings or other material of any kind shall be placed in the 
pipes or fittings during transportation or at any time after they 
have been coated. 

The contractor shall not be held responsible for any expenses or 
damages incurred in handling or using the castings after they have been 
accepted at the agreed point of delivery. Any pipe or fitting that proves 
defective shall, when requested, be replaced by the contractor, the measure 
of the damage not to exceed the value of the casting found defective. 
The contractor shall have the right to call for the defective casting to be 
returned to him at the agreed point of delivery before any allowance for 
the same 1s demanded. 


“ec 


DEFINITION OF THE WORD “‘ ENGINEER” 


SecTion 21. Wherever the word “engineer’’ is used herein, it 
shall be understood to mean the engineer or inspector acting for the 
purchaser, and his properly authorized agents, limited by the par- 
ticular duties intrusted to them. 
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